SEP ¢ 1939 


Printed on thin paper for overseas circulation 


The Engineer 


Vou. CLXVIII.—No. 4361 28, ESSEX ST., STRAND, LONDON, W.C. 2 AUGUST 11, 1939 


Established 1856 Price One Shilling, by Inland Post 1s. 3d. Registered as a Newspaper 


MOBILE CRANES 


for 
REGULAR ano EMERGENCY 


SERVICE 


FIRST MAKERS OF MOBILE CRANES 





il 


THE ENGINEER 





Ave. 11, 1939 




















LEDLOY can be obtained in :— 


ALL STRAIGHT CARBON 
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methods. This together with 
the fact that the steel gives 
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other properties is, without 
doubt, of infinite advantage 
to users. 
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A Seven-Day Journal 


A Further Railway Wage Demand 


Ir is now announced that the letter sent by the 
Associated Society of Locomotive Engineers and 
Firemen to the railway managers and the Ministry of 
Labour last week and referred to in last week’s 
Journal, was accompanied by a statement that the 
representatives of the union were prepared to meet 
the managers and to amplify their views on wages. 
The managers in their reply raised the question as 
to meeting the Society’s representatives alone, when 
the subjects under discussion must directly affect 
the other unions, and also bear on the working of the 
conciliation machinery, in which all were equally con- 
cerned. Replying to this contention, the Society 
pointed out to the managers that the policy with 
regard to a wages advance which had been adopted 
was not in antagonism to the other railway unions. 
The machinery for conducting negotiations provided, 
in its opinion, for individual unions to conduct their 
negotiations on matters that directly affected their 
own members. It claimed further that the items 
which were in dispute between the Society and the 
railway managers were separate and distinct from the 
items of the other unions which had been under 
negotiation. While the Society’s programme included 
a demand for a wages advance, it also included the 
question of extended holidays with pay, increased 
payment for Sunday duties, and the abolition of the 
extended roster of duties, which neither of the other 
organisations was pursuing. For those reasons it 
took the view that its claims were distinct and 
separate as far as those items were concerned. It 
was originally suggested that a meeting between the 
managers and representatives of the Society should 
have taken place on Friday, August 4th, but by agree- 
ment the date was later changed to yesterday 
(Thursday, August 10th). During the days which 
have intervened, the members and permanent 
officials of the Society have been visiting the branches 
with the object of properly explaining the position 
to the members. Mr. W. J. R. Squance, the general 
secretary of the Society, has stated that there will be 
no strike while negotiations are taking place. 


New Naval Orders 


Ir is officially announced by the Admiralty that 
subject to the settlement of certain points, orders 
have been placed for fifty-two of the smaller naval 
vessels recently added to the present 1939 Naval 
Programme, and referred to in another Journal note. 
Two boom defence vessels are to be built by the Blyth 
Dry Docks and Shipbuilding Company, Ltd., of 
Blyth, and four by Lobnitz, Ltd., of Renfrew. Two 
trawlers for mine sweeping and anti-submarine 
duties are to be built by each of the following firms :— 
Ardrossan Dockyard, Ltd., of Ardrossan ; Cochrane 
and Sons, Ltd., of Selby ; Cook, Welton and Gemmell, 
Ltd., of Beverley ; Goole Shipbuilding and Repair- 
ing Company, Ltd., of Goole ; A. and J. Inglis, Ltd., 
of Pointhouse, Glasgow; Henry, Robb, Ltd., of 
Leith ; Ferguson Brothers (Port Glasgow), Ltd., Port 
Glasgow; and Hall Russell, Ltd., of Aberdeen ; 
while four trawlers are to be constructed by Smith’s 
Dock Company, Ltd., of North Shields. In addition, 
two vessels of the whale-catcher type for patrol 
service are to be built by the following firms :—Blyth 
Dry Docks and Shipbuilding Company, Ltd., of 
Blyth ; Cook, Welton and Gemmell, of Beverley ; 
Fleming and Ferguson, Ltd., of Paisley ; A. and J. 
Inglis, Ltd., of Pointhouse, Glasgow ; Henry Robb, 
Ltd., of Leith; William Simons and Co., Ltd., 
Renfrew ; and Smith’s Dock Company, Ltd., of 
North Shields ; while orders for three similar vessels 
have been placed with each of the following firms : 
George Brown and Co. (Marine), Ltd., of Greenock ; 
Charles Hill and Sons, Ltd., of Bristol; and John 
Lewis and Sons, Ltd., of Aberdeen. 


New Naval Vessels 


SPEAKING in the House of Commons on Wednesday, 
August 2nd, Mr. Geoffrey Shakespeare, Parliamentary 
and Financial Secretary to the Admiralty, announced 
that it had been decided to make considerable addi- 
tions to the 1939 programme of naval construction. 
These additions will include 107 trawlers for mine- 
sweeping and anti-submarine duties, of which 20 
will be specially built for the purpose and 87 purchased 
and converted. It is also proposed to construct 56 
vessels of a whale-catcher type, some for service as 
patrol vessels and some for anti-submarine duties. 
Other ships which are to be built include ten fleet 
mine-sweepers, six vessels for boom defence, and une 
cable ship. Altogether, the new additions to the 1939 
Naval Programme will amount to 180 ships. A 
floating dock, designed to accommodate small craft 
up to 5000 tons, has also been purchased. Further 
additions are contemplated, but Mr. Shakespeare 
said that he was not in a position to give particulars 
of them'at the moment, but would make an announce- 
ment as soon as possible. Provision for the expendi- 





ture involved by these new additions, which at a 
rough estimate is expected to amount to about 
£11,000,000, will be made in a Supplementary Esti- 
mate, which will be presented later in the financial 
year. 


Ceylon Hydro-Electric Scheme 


Ir has been officially announced that the Crown 
Agents for the Colonies have now decided upon the 
placing of the contract in connection with the Ceylon 
hydro-electric scheme, previously referred to in our 
columns. We note with satisfaction that in the face 
of world-wide competition the whole of the equipment 
is being ordered in Great Britain. The contract 
includes pipe line, turbines, generators, switchgear, 
and transmission lines. The order for the pipe line, 
which will amount to £91,950, has been placed with 
Stewarts and Lloyds, Ltd., whose consulting engi- 
neers for this class of work are Hatfield, Perrin and 
Partners, Ltd., of Shell-Mex House, Strand, London, 
W.C.2. This decision is particularly welcome, as in 
recent years, with the exception of Malakand, also 
supplied by Stewarts and Lloyds, Ltd., practically 
the whole of the Indian pipe line orders have been 
placed with Continental firms. We understand that 
the turbines will be built by the English Electric 
Company, Ltd., of London and Rugby, and the 
generators and switchgear will be supplied by the 
British Thomson-Houston Company, Ltd., of Rugby, 
while the transmission lines have been entrusted to 
Callender’s Cable and Construction Company, Ltd. 
We also learn that the civil engineering contract for 
the scheme will be carried out by the Hindustan 
Construction Company, which portion of the work, it 
is anticipated, will require over three years for com- 
pletion. The total value of the entire development 
will be round about £1,000,000. 


A Scottish Railway Accident 


Ir is with deep regret that we have to record a 
serious railway accident, in which the fireman and 
driver of the train and two passengers were killed 
and twenty-seven injured, which occurred on the 
London Midland and Scottish Railway Company’s 
line near Saltcoats, Ayrshire, on Saturday, August 
5th. The train was the 12.30 p.m. from the Central 
Station, Glasgow, to Ardrossan, where it was due to 
connect with the Arran steamers. It was compara- 
tively full, and was carrying a large number of 
holiday-makers. On entering Salteoats the train 
rounded the gradual curve of the line, but, according 
to witnesses, it appeared to leave the track when it 
was crossing the bridge over Canal Street. From that 
point the engine and tender with the five carriages 
ploughed along the permanent way, and the engine 
and tender, carrying with them the first and second 
carriages, toppled over the embankment, the engine 
coming to rest and embedding itself in the garden 
of the Lanarkshire District Miners’ Convalescent 
Home. The tender broke away from the engine and 
slewed round at right angles, the two partly tele- 
scoped carriages following, one with its end on the 
embankment. The firergan of the train was buried 
below the locomotive, and the driver, who was badly 
scalded, died on Sunday in Kilmarnock Hospital. 
Happily for the injured, the miners, who were at 
luncheon at the time of the accident, were able to raise 
the alarm and give aid to the injured, who, with the 
help of the fire brigade, were quickly removed from 
the wreckage. An inquiry into the cause of the 
accident is to be made immediately. 


R.M.S. “ Mauretania” in the Thames 


In describing the Cunard White Star liner ‘‘ Maure- 
tania’ in our issue of June 16th we referred to the 
intention of her owners that the ship, after her 
maiden voyage from Liverpool, should remain in 
southern ports and take her place with the motor 
liners “ Britannic’ and “ Georgic”’ in maintaining 
the company’s services between the Port of London, 
Southampton, Le Havre, and New York. On Sunday 
evening, following a fine feat of pilotage, she berthed 
in King George V Dock, which will now form her 
eastern terminus. The “ Mauretania ”’ left New York 
on Saturday, July 29th, and after a voyage in excel- 
lent weather she called at Southampton and later 
left for Le Havre, and arrived at the port of Tilbury 
in the Thames early on Sunday morning, where the 
remainder of her passengers disembarked. During 
the afternoon of Sunday she made her way up the 
Thames to Woolwich under her own steam, and the 
eight Thames reaches, under the guidance of the 
pilot chosen by the owners, Mr. Harry Stowers, who 
has had twenty-five years of river experience, pre- 
sented no difficulty. Outside King George V Dock the 
liner slowed down and was taken in hand by the 
attendant Thames tugs. The principal entrance to 
the dock has a length of 800ft. with a width of 100ft., 
these figures comparing with 772ft. and 89ft. 6in. for 
the ship. She was squared up to the entrance by 





the tugs and glided under her own way through the 
dock with a few feet to spare on either side. The 
actual time taken to pass into the dock was about a 
quarter of an hour. The pilot of the ship, her officers, 
and the officials of the Port of London Authority may 
be justly proud of her good navigation, which was 
greatly assisted by the very easy way in which this 
fine liner, the largest merchant ship to enter the 
Thames, can be handled. 


Road and Rail Co-Ordination 


CONSIDERABLE progress has been made, we are 
given to understand, in the work of co-ordinating road 
and rail traffic in view of the Bill which the Minister 
of Transport has announced will be introduced in the 
House of Commons early next session. It will be 
recalled that to accomplish this work the railway 
companies and the road transport industry volun- 
teered to set up regional committees, which would act 
as branches of the Road and Rail Conference. That 
work has now been done, and there are regional 
committees in each of the twelve Traffic Com- 
missioners’ areas. Monthly meetings are to be held 
in such centres as Edinburgh, Aberdeen, Manchester, 
Newport, Cambridge, Bristol, Leeds, Newcastle-upon- 
Tyne, Birmingham, Nottingham, London, and other 
towns, and by Tuesday, August Ist, all the inaugural 
meetings of the committees had taken place. Each 
committee is formed with a maximum of sixteen 
members of railway and road traffic undertakings in 
the area, and its duty will be to pass in review the 
principal streams of traffic passing through the area 
by meant of both forms of transport. It will then 
make recommendations to the Central Road and Rail 
Conference, with a view to the establishment of agreed 
rates. Other questions dealt with by the regional 
committees will include opposition to road licence 
applications and the observance of conditions attached 
to such licences. The work of the Central Conference 
is considerable, and in order to carry it through as 
expeditiously as possible, it has been decided to 
form four sub-committees, which have been appointed 
to deal with the separate matters of classification, 
conditions of carriage, general purposes, and questions 
connected with licensing. The interests of traders 
are to be safeguarded by all the proposed agreements 
being submitted to a tribunal before which the trader 
will have the right to appear, but preliminary confer- 
ences which are to be arranged with traders will 
probably lead in most cases to a voluntary agreement 
without bringing the matter before the tribunal. 


Empire Air Services 

On Tuesday, August 8th, it was officially announced 
that from Wednesday, August 9th, passenger bookings 
on the Empire routes of Imperial Airways will for all 
practical purposes be suspended until probably early 
next year. The reasons given for this decision are 
the increase in the daily loads of mail which the com- 
pany is under contract to carry, and the recent tech- 
nical decision to carry in the flying boats operating the 
various sections of Empire routes a larger amount of 
petrol fuel. Other more indirect reasons for the 
decision are the slowness in delivery of new flying 
boats and land aircraft, due, no doubt, in part to 
rearmament orders, and some shortage in trained 
pilots, who previously could be recruited from the 
Royal Air Force. The loss of a number of flying boats 
in recent months by accident has not improved the 
position. Some indication of the increase in the 
weight of mails carried on the Empire air routes is 
given in the returns for the first half of the year 1938— 
1939. In the first half of last year the weight of air 
mail carried on Empire air routes is given as 
1,400,000 Ib., which increased during the first half of 
this year to 2,116,000lb. During this period the 
passenger traffic has tended to increase and there is, 
it is stated, evidence that both mail and passenger 
traffic show every sign of further increases. The 
ordering of new aircraft to meet the growing demand 
has been delayed pending the forming of a public 
corporation amalgamating the interests of Imperial 
Airways and British Airways. Meanwhile, however, 
Imperial Airways has ordered a fleet of de Havilland 
“Flamingo” air liners, and it is understood that 
British Airways wishes to place an order for aircraft 
in America. The question of fleet replacement is 
awaiting the forming of the Civil Aviation Develop- 
ment Committee, which has been promised by the 
Secretary of State for Air, and when formed would 
give its approval to the schemes for fleet replacement 
which have been prepared by the companies. On the 
training side the two companies have amalgamated 
their schools for the training of pilots, and progress 
has been made bringing about unified control in 
other matters. It is expected that after the rush for 
Christmas mail traffic, which will start towards the 
end of the year, the position as regards the carrying 
of passengers on Empire air routes may have some- 
what improved, as some new machines may have then 
been delivered. 
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A History of Rotary 


Engines and Pumps 


PART II.—No. III 
(Continued from page 120, August 4th) 


CRESCENT MACHINES 


A MONG rotaries of the single rotor form, the 
+4 Crescent type has proved in the present century 
both as popular as any other with inventors and 
more successful than most in practice. It has, of 
course, the peculiar advantage when compressing 
gas that the change of pressure takes place 
gradually during transference from the suction 
to the discharge side, whilst when properly 
designed as a pump it can provide a delivery which 
is nearly uniform throughout each revolution, 
and which is larger in relation to the size of the 
pumping unit than is possible with any other 
arrangement. The system has therefore been 
widely adopted, and is used to-day in air com- 
pressors, pumps, meters, and air motors. 
1906/20829 : Siemens.—A patent taken out by 
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FiG. 17—DIAGRAM OF LIQUID RING BLOWER 


Siemens Brothers Dynamo Works, Ltd., in 1906 
applied to a type of machine which was at that 
time an already “known” device, although 
there has so far been no reference to it in this 
series. The rotor—see the diagram, Fig. 17— 
consists of a drum having a number of radial 
blades all of the same length fixed upon it. It 
revolves, with plenty of clearance, within a 
cylinder of larger diameter about an axis which, 
as usual in Crescent machines, is excentric to that 
of the casing. Water or any other suitable liquid is 
introduced. It is caught up by the blades and 
whirled round so forming a liquid ring into which 
the blade tips dip more or less deeply according 
to their position in the circuit. The liquid is thus 





caused to act as a kind of fluid casing, and the 





































Crescent machines. In ordinary machines there is 
much wear and tear and friction brought about by 
the rubbing action of the blade ends against the 
casing and the sliding motion of the blades in the 
rotor slots. The presence of the liquid ring 
eliminates these actions. Against this substantial 
advantage, however, must be set certain factors 
which impose limitations on the scope of the 
machine. There is, first,, the- minor practical 
difficulty that, owing to the presence of the liquid 
ring, the inlet and outlet ports must be placed in 
the end covers, where their ‘sizes are necessarily 
somewhat restricted or in the rotor itself, in 
which case the design of the connecting passages 
becomes complicated. Power, too, is obviously 
absorbed in maintaining the ring of liquid in 
motion. But the more important limiting factor 
is connected with the peculiar characteristics of 
the liquid ring itself. For any pressure generated 
in the working spaces of the machine acts also 
upon the ring, the inner surface of which is pushed 
outwards. 

Should the pressure in the delivery pipe become 
higher than a certain critical value, the inner 
surface of the ring is forced back to such an extent 
that the gas undergoing compression can escape 
over the tops of the rotor blades. A limit is thus 
set to the pressure against which the machine can 
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that the speeds of movement of the blades and the 
ring are not identical at all points in the circuit, 
so that a certain amount of power is lost in useless 
churning of the liquid. 

The Siemens patent is concerned with the 
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Fic. 21 RooTs—1909 

suggestion that the machine could be used in a 
duplex capacity. Gas or some light fluid was to 
be delivered from the rotor spaces, whilst the 
material of the liquid ring was also to be delivered 
by centrifugal action through a separate outlet 
on the periphery of the casing. To-day a machine 
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FiG. 19—TRUSLOVE—1924 


be made to deliver. 


dependent upon the speed of rotation of the liquid | machine, is made by Drysdale and Co., Ltd. 


The critical pressure is; of this type, but not duplex like the Siemens 


It 


ring. Owing to the effects of centrifugal action, | is known as the “ Aquair”’ rotary vacuum pump. 


it is able to resist greater pressures the higher the 


speed at which it is moving, but practical con- | classified in several ways. 


1909/16,432 : Roots——This machine might be 
It has, however, been 


siderations set a limit to its speed, and machines | placed among the Crescent rotaries because i! can 
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FIG. 18—-OERLIKON—1911 


usual chambers of varying volume are formed 
between each pair of blades. The chief advantage 
of the arrangement is that it overcomes an 
important practical difficulty in the design of 





1 As was pointed out in Article No. X of the first part of this 
series, the discharge of a Crescent pump per revolution can be 
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of this kind are only suitable for delivering against 
comparatively low pressures.” It is probable also 


2A full mathematical investigation would be out of place 
in this article, which is principally concerned with history. 
But the following figures may be of interest. The pressure P 
in lb. per square inch within a ring of water turning with an 
angular velocity of w, can be expressed by the following formula 
in which r represents any radius from the centre of rotation 
and R the radius to the inner surface of the liquid, both in feet. 

P=0-00675 w? (r?—R?). 

By the use of this formula it will be found that in a machine 
in which R is equal to 6in., and the ring is turning at a rate equal 
to 1000 r.p.m., the inner surface of the ring will be pressed back 
lin. by a pressure of 6-4 1b. per square inch. The calculation 
is only an estimate. Its complete validity is doubtful, since, 
owing to the distortion consequent upon the water surface being 








considerably greater than the volume of the crescent-shaped 
working space. 


pressed back, the velocity of flow within the ring is presumably 
variable, and thus w cannot be regarded as constant. 
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FIG. 20—HULBERT—1903 


be regarded as such a machine in which the dia- 
meter of the main rotor body has been reduced to 
zero. It is a very ingenious machine. A flexible 
diaphragm, which the inventor suggested should 
be made of leather, textile fabric, or sheet steel, 
was to be flexibly attached to the cylindrical 
casing between the inlet and outlet ports. Its 
further end was tc be rolled around a spring-loaded 
shaft in a manner <imilar to that adopted in spring 
roller blinds. The shaft, surrounded by a thin 
cylindrical casing having a slot to accommodate 
the diaphragm, was to be carried by a disc at each 
end and thus as the shaft was turned was to circu- 
late round the casing. The pumping action is 
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obvious by inspection of the drawing, Fig. 21. 
The idea is clearly subject to numerous variations, 
many ofwhich were specified by the proud inventor. 

1911/7914: Oerlikon.—This project for a rotary 
internal combustion engine was patented by the 
Schweizerishe Werkzeugmaschinenfabrik Oerlikon. 
Six blades were mounted on a central shaft and 
projected through slots in an excentric drum, as 
shown in Fig. 18. Use was made of the spaces 
within the drum as well as those outside it. Air was 
compressed in the inner spaces D and delivered to a 
small air turbine A, which drovea fan B. Theexhaust 
from the turbine and the additional air coming from 
the fan was fed to the spaces E outside the drum. It 


against the cylinder. At the inner end of each 
blade slot—Fig. 19—there was a small chamber. 
Fluid under pressure from the pumping spaces 
found its way into these chambers. Matters were 
so adjusted that it leaked away to the suction side 
at such a rate that a pressure equal to about 60 per 
cent. of that in the delivery spaces was maintained 
in the chambers. Consequently centrifugal forces 
tending to thrust the blades outwards were 
approximately balanced by a difference of pressure 
tending to drive the blades inwards. At their 
inner ends the blades bore against hard steel rings 
fixed on bosses concentric with the casing, and the 
arrangement was such that the blades had about 
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first acted to scavenge away products of combus- 
tion and was then compressed. Fuel was intro- 
duced by a pump into a chamber C situated at the 
top of the machine, where it was evaporated and 
fed continuously to the engine. It was ignited 
by convenient (but unspecified) means, and the 
resulting pressure and expansion drove the machine 
around. 

There is a small point of interest in the detail 
design. The blades had spring-pressed packing 
pieces at their ends and sides, and the inventors 
foresaw that under the action of centrifugal forces 
the end packing pieces would be thrust with 


Vij fa 


Fic. 22—**ROLLING DRUM’’ COMPRESSOR—REAVELL 


three-thousands of an inch play. To judge only 
from the somewhat meagre details which were 
allowed to appear in the contemporary account, 
it does not seem likely that the method of blade 
control adopted could have proved satisfactory. 
Pumps of this kind ran at distinctly low speeds. 
A machine with 24in. branches, for instance, ran 
at only 150 r.p.m. At that speed it would deliver 
4000 gallons per hour against 120ft. head: 


MopERN MACHINES 


Crescent Blowers —Practically all modern rotary 
compressors for pressures above 5 lb. per square 





unnecessary and uncontrolled pressure out against 


inch appear to be of the Crescent type. The only 


Restraining Rings 
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the wall of the enclosing cylinder. A loose weight 
was therefore arranged, presumably in guides 
under the packing on the end of each blade. Under 
the influence of centrifugal force it bore against 
the larger ends of double levers carried by pins 
from the blades. -The shorter ends of the levers 
engaged with suitable projections on the packing 
strip, and, the lengths of the arms of the levers 
being properly adjusted, centrifugal force acting 
on the strip was duly balanced. 

1924: Truslove.*—The four-bladed pump made 
by Truslove and Co., Ltd., of Colchester, was 
notable chiefly for the means adopted for con- 
trolling the pressure with which the blades pressed 

3 Tue Encineer, Vol. CXXXVII, page 487. 
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23—"‘ RESTRAINING RING *’ 


exceptions are comparatively small machines. 
Nearly all the modern machines have a multiplicity 
of flat radially sliding blades and centrifugal action 
is depended upon to keep them extended. In 
machines made by Reavell and Co., Ltd., of 
Ipswich, and the Bryan Donkin Company, Ltd., of 
Chesterfield, the number of blades is restricted to 
six. But other manufacturers, notably the B. A. 
Holland Engineering Company, Ltd., of Slough, 
Hick, Hargreaves and Co., Ltd., of Bolton, and 
Worthington-Simpson, Ltd., of Newark-on-Trent, 
prefer to employ a greater number. 

Many Crescent machines were invented during 
the nineteenth century; but not a single one 
achieved any lasting success during that period. 





All of them suffered from that defect—excessive 
wear—which gave to rotaries towards the end of 
the century so bad a reputation. The trouble arose 
because the blades were flung out centrifugally or 
pushed out by springs into contact with the 
cylinder. Both the pressure and the rubbing 
speed were high and rapid wear was therefore 
inevitable. Moreover, the frictional forces tended 
to hold back the outer edge of the blade, with the 
results that it tended to bend, producing uneven 
wear, and that the rear lip of the rotor slot which 
was required to carry the main brunt of support- 
ing the blade became worn. In addition, the blades 
were required to move in and out of the slots, whilst 
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restrained by friction at their ends and forced 
across by the pressure of the gas or liquid in the 
pumping spaces. Friction and wear at these 
slots was consequently also high. All these effects, 
aggravated by uneven wear of the blades where ~ 
they came into contact with the end covers, 
resulted in a rapid deterioration of performance. 
The mechanical efficiency was low and leakage 
became greater with every hour of use. 

All kinds of expedients were suggested with a 
view to bringing about improvement. But it was 
not until 1903, apparently, that the idea which 
lies at the basis of the design of at least one modern 














machine was originated. In that year Lacy 
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COMPRESSOR—WORTHINGTON 


Hulbert and Co., Ltd., took out a patent (No. 
13,646) applicable actually only to pumps, for 
compressors and blowers are not mentioned, in 
which it was proposed that a cylindrical drum 
should be placed in the cylinderand around the rotor 
—Fig. 20. This drum, which was to fit closely within 
the cylinder, was to remain entirely free to revolve 
under the frictional action of the blade ends. Its 
presence much reduced friction and almost elimi- 
nated wear of the blade ends. Owing to the differ- 
ence in radius between the extended and with- 
drawn positions, the blade ends of Crescent 
machines do not travel at a constant linear 
velocity. Relative sliding between the blade ends 
and the drum still therefore occurred. But the 
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rate of sliding and its extent were very greatly 
reduced. It does not, however, appear to have 
been fully realised that the drum would be required 
to withstand the centrifugal thrust of the blades 
which is unbalanced towards that side upon which 
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FiG. 24—BLADE CONTROL—BRYAN DONKIN 


the blades are furthest extended, and to carry also 
unbalanced forces resulting from the difference in 
pressure between the inlet and outlet sides. For, to 
judge from the specification, insufficient considera- 
tion had been given to the means to be adopted 
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for supporting the drum. It was also proposed 
P that thin annular metal discs should be freely 
mounted at the rotor ends and arranged to touch 
the edges of the cylindrical drum. 
The system of construction thus suggested was 
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FIG. 26—FEUERHEERD—1928 


not fully developed until many years later. In 
1919 (Patent No. 134,262), Reavell and Co., Ltd., 
proposed that the rotor and its blades should be 
wholly enclosed within a drum able to rotate 
freely upon bearings arranged in the end covers. 
The “ rolling drum,” as it came to be known, was 


a close fit within the cylinder, not only on the 





diameter, but also against the cylinder covers, 
and its periphery was pierced with numerous 
holes for the inlet and delivery of gas. The method 
of construction, improved only in detail, has been 
retained until the present day, and the drawing, 
Fig. 22, represents a modern machine. Small 
blowers of this kind run at speeds between 2000 
and 3000 r.p.m. and larger machines at 500 and 
1000 r.p.m. Typical performance figures are given 
in the following table :— 


Performance of “Rolling Drum *’ Blowers 
Small. Large. 
Revolutions per minute ... 2600 600 
Pressure, 5 Ib. per square inch— 

Delivery, cubic feet per min. 102 3200 

* ee yt ee en S rh ee 
Pressure, 15 lb. per square inch— 

88 2700 


Delivery, cubie feet fis min as 

EF, 8... ; ee 222 
The reduction in delivery with increase of dis- 

charge pressure merits notice. It occurs despite 


the fact that, since the speed is unaltered, the 

















FIG. 27—ROLLER PUMP—DRUM 


theoretical displacement remains the same, and 
is characteristic of all forms of the Crescent 
blower. It can be traced, of course, mainly to 
internal leakage. For pressures above about 
10 lb. per square inch the cylinder is surrounded 
by a water jacket, and a pressure of about 30 Ib. 
per square inch is the highest against which 
machines of this kind can be expected to work 
satisfactorily. 

Another, and somewhat similar, method of 
controlling the blades of Crescent blowers was 
developed on the Continent. Though we have 
come across no relevant British patent, it was, we 
believe, either originally proposed or at least prac- 
tically developed by the Schweizerische Locomotiv 
Maschinenfabrik of Winterthur, in Switzerland. 
Recesses are formed in the cylinder of the machine 
towards each end, and “ restraining rings” free 
to rotate are mounted in them in such a fashion 
that the blades, which bear against them, are 
held just clear of the main body of the cylinder. 
Some trouble seems to have been encountered 
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at first in providing adequate support for the 
rings. For a patent taken out by two German 
citizens, Wittig and Wittig in 1910 (No. 8455)* 
is concerned with means for the improvement of 
the support of the rings which are referred to as 
an already “known” device. To-day, machines 
with restraining rings are manufactured in this 
country by the B. A. Holland Engineering Com- 
pany, Ltd., Hick Hargreaves and Co., Ltd., and 
Worthington-Simpson, Ltd. The drawing repro- 
duced in Fig. 23 shows the construction of a 
machine by the latter firm. The space at the back 
of each ring, it will be observed, is formed into a 
number of transverse recesses. Oil which collects 
in these recesses serves not only to lubricate 
the running surfaces, but also to prevent leakage 
of gas around the back of the rings to the suction 
side. At one time machines of this kind were 


‘Further patents were taken out by the same engineers in 








later years. 


supplied by Worthington and Co., Ltd., one of 
the forerunners of Worthington-Simpson, Ltd., 
as rotary pumps. Machines with restraining rings 
are made with capacities up to about 3000 cubic 
feet per minute, and by using two machines in 
tandem pressures as high as 150 lb. per square 
inch can be attained. Cast iron is the material 
usually employed for the rotor and - cylinder, 
and the blades are of steel. 

In connection with the operation of “ rolling 
drum” and “restraining ring” machines, it 
is rather interesting to find that the drum or rings 
actually rotate at a speed greater than that of 
the main rotor. The fact that the blades press 
more heavily upon the drum or rings when fully 
extended, and when travelling, consequently, 
with a high linear velocity gives rise to this peculiar 
and rather unexpected effect. 

A different method of controlling the blades 
is adopted by the Bryan Donkin Company, 
Ltd. Large diameter ball bearings (Fig. 24) 
are mounted concentrically in the cylinder at 
each end. Lugs reaching outwards from the inner 
ends of the sides of each blade engage with shoes 
that are able to slide within the inner races of the 
ball bearings. Owing to the excentricity the 
outer ends of the blades do not, when this con- 
struction is adopted, travel in a truly circular 
path, and the cylinder is therefore specially bored 
to maintain the clearance approximately constant 
in all positions. Delivery pressures up to 10 lb. 
per square inch are attained and speeds reach up 
to 1400 r.p.m. This firm also makes two and three- 
bladed machines of a somewhat different Crescent 
form, the history of which goes back to Beale’s 
exhauster of 1848 and has already been dealt 
with in the first part of this series. These machines 
are also suitable for pressures up to 10 lb. per 
square inch in capacities between 100 and 500,000 
cubic feet per hour. 

Crescent blowers are not made only in the larger 
sizes. A four-bladed machine used as a scavenge 
blower in the two-stroke engines made by Petters, 
Ltd., of Yeovil, is illustrated in Fig. 25. The 
blades are controlled by concentric rings at each 
end of the casing in a manner similar to that 
adopted by the Bryan Donkin Company, Ltd., 
but without the ball bearings. This type of 
blower, it may be remarked, has been designed 
to run at very high speeds for supercharging 
motor car engines. But Petters, Ltd., prefer to 
run it at no more than 1000 r.p.m., and usually 
keep the speed down to 600 r.p.m. The delivery 
pressure called for is only about 24 lb. per square 
inch, and volumetric efficiencies of about 89 per 
cent. are said to be attained. 

Crescent Pumps and Motors.—At the end of 
1938 after a lengthy period of experimental 
development there was introduced by the Drum 
Engineering Company, Ltd., of Bradford, the inter- 











esting pump illustrated in Fig. 27. It is intended 
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FIG. 28—DESIGN OF ROLLER PUMP—DRUM 


particularly to meet the requirements of the oil 
industry and has been designed to pump satis- 
factorily highly viscous materials. Its design is 
based upon that of a machine patented by Feuer- 
heerd in 1928 (No. 291,891), and it is clearly the 
latest step in the improvement of the engine 
invented in 1841 by Benjamin Beale, and described. 
in the first part of this series. In Feuerheerd’s 
machine, an example of which is illustrated 
in Fig. 26, a number of rollers A were able 
to move around an annular space between a 
casing and a fixed or loose concentric ring B. The 
rollers were mounted on excentrics, which were 
themselves carried by pins from an excentric disc 
at one end of the machine. Asa result of the excen- 
tricity, the spaces between the rollers enlarged and 
contracted, as can be seen in the drawing, as they 
were revolved round the casing. The rights in 
this machine were taken up, before 1930, by 
Bever, Dorling and Co., a firm which soon intro- 
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duced the modification of attaching the rollers by 
meansof drag links, an improvement which made the 
machine more practicable. Feuerheerd’s machine 
suffered a number of defects. It is, indeed, clearly 
seen to be an impracticable device at a glance. 
[It will be observed, for instance, that each roller A 
is forced back at certain periods against the excen- 
tric by the full delivery pressure acting on the pro- 
jected area of the roller and that, in addition, there 
is a force acting radially between the rollers and the 
casing which can grow to a considerable magnitude 
if the excentricity is made large. Whilst exposed to 
those forces the speed of rotation of each roller 
around its excentric and around the central ring was 
required to vary. Uneven wear and unsatisfactory 
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FiG. 29—TEST CURVES OF ROLLER PuMP—DRUM 


operation were inevitable. Additionally, the rollers 
not only were required to be all of precisely the 
same diameter, but to be a close, if not even a 
force fit, in the annulus, if leakage was not to be 
avoided through the line contacts. 

The Drum Engineering Company, Ltd., became 
interested in the pump because one of its present 
directors, Mr. A. J. M. Bever, had been works 
manager and later director of Bever, Dorling and 
Co., his father’s firm. The modern design of pump, 
originated by development from Feuerheerd’s 
machine, was easily evolved. But some four or five 
years’ work experimenting with alterations in 
dimensions, &c., was necessary before the firm was 
ready to put the new pump on the market. 

The design of the modern pump is _illus- 
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trated in Figs. 27 and 28. As shown in Fig. 27 
there are four rollers B freely carried on pins 
from a disc keyed to the main shaft, which is 
disposed excentrically to the pump casing. These 
rollers run in contact with and seal against a 
central roller or sleeve, and each pushes before it 
@ loose roller A, which, as a result of centrifugal 
action, runs also in contact with the casing. Owing 
to the excentricity, the loose rollers move in and 
out in the manner of the blades of Crescent blowers, 
with the result that the volumes of the pumping 
Spaces expand and contract. In small machines 
the pushing rollers B are mounted on pins over- 
hung from a disc at one end. But in larger pumps, 


as shown in Fig. 28, there is a disc at each end 


and the central shaft is encircled by a distance 
piece. 

These pumps are made in capacities from 90 
gallons per hour up to as much as 200 tons per 
hour. Volumetric efficiencies of 98 per cent. are 
claimed. The variation in the rate of flow is no 
more than 6 per cent. of the mean when four pairs 
of rollers are used, and is not more than 2 per cent. 
when there are five pairs. If the pump is required 
to deliver against very high pressures, the excen- 
tricity is made smaller than usual, and five pairs 
of rollers are used. Variation in delivery then 
becomes practically negligible. The two sets of 
performance curves reproduced in Fig. 29 record 
the results of an independent test on one of these 
pumps. In the first oil of 200 seconds Redwood 
No. 1 viscosity was used, and in the second oil 
of 6000 seconds Redwood No. | viscosity. High 
overall efficiencies are not to be expected when 
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pumping such viscous materials, and the figures 
obtained can be regarded as very satisfactory. 

There was recently put on the market by Ashwell 
and Nesbit, Ltd., of Leicester, the somewhat 
unusual pump illustrated in the drawing, Fig. 30. 
It will be seen that the revolving rotor pushes 
before it two scoops, each formed with an outer 
radius equal to that of the casing. The scoops 
are entirely free and are driven through leather 
buffers mounted on the rotor. Owing to the large 
clearance space within each scoop, even when 
fully withdrawn into the rotor, it is claimed that 
the pump is particularly suitable for operating 
with thick or unclean liquids without fear of 
clogging. The pump case and covers are made of 
cast iron, the rotor and buckets of brass or gun- 
metal, and the spindle of steel. Only one size of 
pump appears to be made at present. It has 
branches of 2in. diameter, runs at 260 r.p.m., 
delivers 1500 gallons per hour, and absorbs ? H.P. 
when operating against 20ft. head. 

An interesting technical point occurs in relation 
to the two machines just described. Although in 
other respects different, they have the arrangement 
in common that the actual pumping members— 
loose rollers in one and loose buckets in the other 
—are free, should conditions permit, to separate 
from the driving member. In operation, of course, 
it is preferable that no such thing should occur, 
since contact may be re-established with a 
heavy knock likely to lead to damage. It is 
worth while therefore to examine what likelihood 
exists that the two parts may separate. Both 
machines, it will be observed, have horizontal 
spindles, and in both again the arrangement is 
such that the buckets (we use this term rather than 
the cumbersome “‘ pumping member ”’) are travel- 
ling downwards on the suction side and upwards 
on the discharge. The discharge side will be 
examined first. 

The buckets do not.travel at a steady linear 
speed. When fully withdrawn into the rotor, 
each bucket has a speed approximately equal to 
the peripheral linear velocity of the rotor. But 
when the bucket is not fully withdrawn the velocity 
is greater in proportion to the increased radius. 
Thus on the discharge side, on which the buckets 
withdraw into the rotor, the speed of each bucket 
must fall if it is to remain in contact with the rotor ; 
and if the deceleration required is greater than that 
which can be provided by downward-acting forces 
separation will occur. The downward forces are 
provided by friction between the bucket and the 
casing; by the pressure in the discharge pipe ; 
and by the effect of gravity. Not much reliance 
can be placed on the first mentioned for it is 
obviously desirable that it should be as small as 
possible. Nor is the second factor to be too much 
depended upon. For the liquid in the discharge 
pipe needs also to be decelerated ; the lay-out of 





the pipe line may influence the effect its pressure 
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**NUFLO”’ 


has upon the bucket ; or the pump may be required 
to operate with small delivery heads. Moreover, 
a time comes, before the bucket is fully withdrawn, 
when its rear lip passes the edge of the discharge 
opening, so that pressure acts equally on both sides 
of the bucket. There remains only gravity—hence 
the horizontal spindle and the discharge arranged on 
the upgoing side. It follows that the machine must 
be so designed and run at such a speed that the 
deceleration of the bucket is never required to be 
greater than that which can be provided by gravity. 
Investigation indicates that the deceleration reaches 
a maximum at points 90 deg. from the fully with- 
drawn position as measured round the rotor 
centre ; and that its value is determined only by 
the angular velocity of the rotor and the degree of 
excentricity between rotor and casing in accord- 
ance with the formule A=w’7e, where A represents 
deceleration, w angular velocity, and e the excen- 
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PUMP—WORTHINGTON 


tricity. Machines of this kind, it will be found, 
cannot be run at high speeds unless the excentricity 
is very small. With an excentricity of }in., for 
instance, the deceleration becomes equal to gravity 
at a speed of only about 250 r.p.m. 

Conditions on the downgoing suction side are 
less simple to examine. On this side the bucket 
requires to be accelerated. But gravity is tending 
to draw it away from the rotor. The liquid enter- 
ing the pump tends, however, to hold it back. 
Very careful design is necessary if the harmful 
effects of separation are to be avoided and diffi- 
culties encountered by the firms concerned have 
been the subject of lengthy but successful experi- 
mentation. In both machines, it will be found 
that the running speed is well within the limits set 
by discharge side considerations. As both pumps 
are principally intended for use with thick or 
viscous fluids the limitation of speed is no real 
disadvantage. When pumping such materials 
fluid friction becomes unreasonably high if the 
speed is raised to too large a figure, and that factor 
alone sets a relatively low limit of speed.’ 

The Crescent pump illustrated in Figs. 31 and 
32 was recently put on the market by Worth- 
ington-Simpson, Ltd., of Newark-on-Trent, and _is 

















Fic. 32—“* NUFLO*' PUMP—WORTHINGTON 
known as the “ Nuflo”’ rotary pump. It has four 
radially sliding blades, each of which has a lug A 
at each end, which engage with retaining rings B 
running in metal bushes. One blade lug on each 
side is fitted in a bearing in the ring, and conse- 
quently drives it at a variable angular speed, 
dependent upon the amount by which in any 
angular position the blade is extended out of the 
rotor, whose axis is, of course, excentric to that of 
the rings. The lugs on the other blades engage with 
slots in the rings in order to permit the necessary 
relative angular motion between them to occur. 

In pumps with branches less than 3in. diameter, 
bakelite bearings are fitted. These bearings are 
adequately lubricated by water, petrol, and other 
fluids, and the design is therefore such that the 
liquid being pumped is used as the lubricant. 
Liquid leaking past the end of the rotor is able to 
pass through holes drilled in the webs of the retain- 
ing rings, and thus to pass behind them and place 
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them in hydraulic balance. This liquid then passes 
into the bearings and escapes directly, or through a 
passage drilled in the shaft, to a connection pipe 
leading to the suction branch. Ball bearings are 
used to carry the shaft in larger units, and a special 
sealing device is then used to prevent the liquid 
finding its way along the shaft into them. “‘Nuflo”’ 

















FiG. 33-ARRANGEMENT OF AIR MoOTOR—HOLMAN 
pumps are considered to be suitable for a variety 
of liquids, including oils, water, petrol, kerosene, 
molasses, syrup, sea water, wines, &c. The device 
can also be used satisfactorily as an evacuator. 
Crescent machines have obviously the advan- 
tage when they are used as air motors that they 
provide inherently for the expansion of the air. 


Holman Brothers, Ltd., of Camborne, make a range 
of small four-bladed machines for use in pneumatic 
tools. In larger sizes a similar motor is suitable 
for operating fans, winches, pumps, and other 
plant. It is illustrated in Figs. 33 and 34. The 
casing, which is made as an aluminium or steel 
casting, has a hardened steel liner fitted within it. 
Slots in the rotor accommodate four hard-wearing 
composition blades, and the makers state that the 
pressure of the blades on the liner is under positive 
control at all times. It appears to be effected by 

















Fic. 34—-AIR MOTOR—HOLMAN 


admitting air under pressure from the working 
chambers into the rotor slots underneath the 
blades. These motors run at high speeds, and the 
power is transmitted through single reduction 
gearing to the output shaft. The interior of the 
cylinder is lubricated by oil which is fed into the 
live air stream from a reservoir at the top of the 
machine. The largest motor in the range has an 
output of 73 H.P. when supplied with air at a 
pressure of 80 lb. per square inch. 





(To be continued) 
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APIDLY increasing development and use of 
public swimming pools in the United States, 
with the potential sanitary dangers incident to 
defective design or lax operation, has led some 
of the State Governments to assume regulation 
of such plants. For example, Illinois has put all 
swimming pools and bathing beaches within its 
borders under the supervision of the State Depart- 
ment of Public Health. This authority covers 
not only pools and beaches used by the general 
public, but also those at golf clubs, country clubs, 
summer resorts, and public institutions. The 
only exemptions are pools at private estates and 
residences, which are intended solely for the use 
of the owners and their friends. The law provides 
that the Department shall have power to examine 
the pools and beaches, and to prepare and enforce 
rules and regulations covering their construction, 
operation, and use, to ensure that they will be 
built and maintained in a sanitary manner. It 
provides also that the Department shall adopt 
minimum sanitary requirements for the protection 
of the public. 

In line with this latter provision, a series of 
official minimum requirements for sanitary con- 
ditions has been prepared, and is supplemented 
by additional information and suggestions for 
effective compliance. The requirements cover 
design, construction, equipment, and operation, 
together with items affecting safety conditions. 
Dr. A. C. Baxter, M.D., is Director of the Depart- 
ment, and the specific requirements and other 
information have been prepared by Mr. C. W. 
Klassen, Chief Sanitary Engineer; Mr. V. L.. 
Walker, Assistant Sanitary Engineer; and Mr. 
C. A. Hyatt, Swimming Pool Sanatarian. No 
pool may be built until plans and specifications 
have been approved by the Department of Public 
Health, which will then issue the necessary permit 
for construction. In addition, no new pool— 


or any pool which has been closed for more than 
one year—may be opened for public use until 





it has been inspected and approved by a repre- 


sentative of the Department. Every pool must 
be in charge of a competent operator, responsibility 
for proper operation being vested in one qualified 
person. Operating reports must be sent monthly 
on prescribed forms. The same requirements 
and conditions apply to natural or semi-artificial 
bathing areas. 


DESIGN AND CONSTRUCTION 


A rectangular shape is usual, and is the most 
popular. Size should be adapted to local potential 
bather demands; but many pools are built too 
large. It is considered desirable to build a com- 
plete unit, including adequate water-treating 
equipment, rather than to build a larger unit 
having many essential details lacking or limited, 
due to insufficient funds. 

Walls and floor should be white, and if white 
concrete is used it must be so protected during 
construction as to prevent soiling or staining. 
Where water is 5ft. deep or more, the bottom 
should be smooth to facilitate cleaning and the 
movement of deposits toward the main drain ; 
but at less depths the bottom should have a non- 
slip finish. Dark bottoms, including earth or 
sand, are prohibited. Walls should be smooth 
to prevent accumulations and to facilitate cleaning. 
The greatest abrasion of the walls occurs in an 
area known as the “ wear band,” extending down 
about 18in. below the overflow edge, and in this 
“wear band” the material should be such as to 
be easily cleaned and to retain its appearance and 
imperviousness. A rounded or cone junction must 
be made between walls and floor. Paints have been 
generally unsatisfactory, owing to abrasion by the 
feet of bathers, and the wheels and brushes of 
suction cleaners. Plaster coats have been also 
unsatisfactory for lining the pools. 

Dimensions will be determined largely by 
competition events, bather demand, and area 
available. Except for private pools, the recom- 
mended sizes range from a minimum of 20ft. by 
60ft. to 60ft. by 120ft. and 75ft. by 165ft. Indoor 


pools should not exceed 82ft. in length. To 
provide for competitive swimming events, the 
length must be the full required distance, as if it 
is short by even a fraction of an inch, records would 
not be allowed as official. Several types of adjust- 
able courses have been devised. In the best of 
these the full course is 165ft., with two movable 
barriers which divide the pool into sections for 
diving, competition, and the use of beginners. 
Fo: multiple pools, the diving pool may be 60ft. 
by 75ft. (for high diving); competition pool, 
40ft. by 82ft. or 60ft. by 165ft.; and general pool, 
50ft. by 165ft. to 82ft. by 330ft. For competitive 
events the width should provide a minimum of 
lanes 6ft. wide for four competitors, but in strictly 
competition pools the minimum width of lanes 
should be 7ft. 

Wading pools may be of any shape, and the only 
specified dimension is a maximum depth of 20in. 
They must be thoroughly cleaned and emptied 
daily, the water being discharged to waste. An 
overflow must extend around the entire perimeter 
and have a minimum variation of (-1lin. in eleva- 
tion. A fence must surround the wading pool 
area to prevent children from wandering away and 
to exclude animals as well as persons who have no 
good reason to be within this area. Sand beaches, 
sand boxes, and grass plots at these pools are un- 
desirable, as they make it difficult to maintain 
sanitary conditions. When the pool is in use, water 
should enter it continually at a rate sufficient to 
fill it in one hour. 

Deep water in swimming pools is needed only 
for diving and water polo, and beyond this demand 
it is an uneconomical use of structure and water. 
Most bathers and swimmers desire water of 
wadable depth, 3ft. to 54ft. For a 3ft. depth in 
the shallow area, the pool must be 3ft. 3in. to 
3ft. 6in. at the overflow. Except in pools with 
closed circulation systems, from 3in. to 5in. of 
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FIG. 1—HOPPER-BOTTOMED POOL 


water is wasted to the drains after a relatively few 
persons have entered the pool. However, by the 
use of overflow balance tanks, this water may be 
saved and returned to the pool at intervals. 

The bottom should slope to the main drain or 
outlet. Steps in the bottom are objectionable, and 
flat areas tend to collect deposits. A hopper form 
of bottom provides deep water only where needed 
for diving, while it effects a saving in excavation, 
materials, and amount of water to be treated. In 
general, a spring board at 1-1l-yard height requires 
a minimum depth of 8ft. over an area of 20ft. 
by 35ft.; for a height of 3-28 yards the minimum 
depth is 9}ft. While these minimum depths are 
acceptable, depths of 9}ft. and 11ft. respectively 
are preferable for safety. For high diving, the mini- 
mum depth at the deepest point is 12ft., but pre- 
ferably 14ft. to 15ft., with an area of 40ft. by 50ft. 
in which the depth is not less than 54}ft. Spring- 
board coverings must be disinfected daily. 

In pools of moderate size, having one high and 
one low springboard, the hopper bottom may be 
“ off centre,” with its deepest point under the high 
board. This arrangement, which ensures further 
saving in excavation and amount of water to be 
treated, is shown in Fig. 1. Double-level pools, in 
which the normal level may be raised 3ft. to 5ft., 
as in providing for water polo and other sports, 
are prohibited. Overflow, at the lower level, 
would then be submerged, causing difficulty in 
cleaning, so that it might became a source of infec- 
tion. Designs for indoor twin pools, providing two 
pools and rooms with a removable wall or barrier, 
have not proved satisfactory, mainly for reasons 
other than sanitary. Barriers between the various 
depths are not recommended, unless so built as 
to allow free movement of bottom deposits. Steps 
and ladders should be recessed, but most of the 
factors relating to them affect safety rather than 
sanitation. However, step holes should have 
provision for drainage, to prevent accumulation 
of dirt. 

Overflow channels constitute one of the most 
important features of swimming pools and should 





extend around the entire perimeter. The overflow 
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edge should have a variation in level of not more 
than 0-2in. on pools up to 40ft. by 83ft. and 0-3in. 
for larger pools. Such level overflows give con- 
siderable economy in the amount of water for 
flushing off surface accumulations. Frequent 
flushing improves the appearance and reduces the 
bottom accumulation, which latter—if neglected— 
may become a mass of organic matter for which the 
chlorine residual may be inadequate. Open, roll- 
over, or semi-recessed overflows are easily inspected 
and cleaned. Recessed overflows are difficult to 
clean, and as the deposits are not conspicuous they 
are likely to be overlooked. Overflows should have 
a pitch of not less than 3in. in 10ft. (1 in 40), to 
drains not more than 15ft. apart, and should be of 
sufficient capacity to carry off all normal amounts 
of water splashed or displaced into them without 
any of the water being returned to the pool. 

A kerb around the pool prevents litter and dirt 
on the walk from being carelessly flushed into the 
pool. It also gives a good take-off for divers, 
for which reason it should have a non-slip surface 
with the outer edge rounded for grip of the diver’s 
toes. For safety, the kerb should be of sufficient 
height and not less than 8in. wide. Drains are 
necessary to prevent water collecting along the 
walk side of the kerb. The open type of overflow 
channel should be of such shape as to prevent a 
diver from using the outer edge or lip as a take-off. 
This can be effected by the designs shown in Fig. 2, 
and limiting the vertical distance Y—from 
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FIG. 2—OVERFLOW CHANNELS 


maximum water level to top of kerb—to not less 
than 0-6 of X—the horizontal width of overflow. 
The minimum value of Y is 6in., and the maximum 
for X is 12in. 

Inlets must be so situated as to produce a uniform 
circulation and prevent dead or still spots, and 
also to cause bottom deposits to be swept towards 
the outlets. In locating the inlets, account 
must be taken of the fact that the greatest pool 
loads are in water of wadable depth, and that 
in general the bathers in that part are the most 
susceptible to infection. In pools not larger than 
75ft. by 40ft., inlets at the shallow end (with water 
3ft. 3in, to 3ft. 6in. deep) should be 8ft. apart and 
3ft. below the overflow edge At the deep end 
they should be 12ft. between centres and 6in. 
below the overflow. In larger pools, they should 
be arranged on all sides at 20ft. spacing. Inlets 
should have a directional flow and some method 
of adjusting the flow, so that 75 per cent. of the 
water will enter at the shallow inlets. Inlets 
above the water level may be objectionable on 
account of noise, especially in indoor pools. Jet 
inlets, which distribute the water in many direc- 
tions at increased velocity, are being used 
successfully. 

Outlets must have a cross section of the grating 
at least ten times that of the run-off piping, or 
five times for indoor pools, being thus large enough 
to prevent danger to bathers due to suction. In 
pools with hopper bottoms, the main outlet should 
include the entire area of the hopper bottom, as 
otherwise much of the sludge or accumulation 
will gather on the adjacent flat portion. The 
outlet pipe should have no direct sewer connection. 
[f such a connection is necessary for draining 
off snow or rain water during periods when the 
pool is closed, the connection should be broken 
before the pool is put in operation. 

Closed-circulation systems are permitted only 
under certain conditions of economy, and then 
only when adequate means of disinfection and 
clarification are provided. Such a system may 


have value when the water is of such value as to 
need special trea:ment. Temperature control 
may then be effected by the use of a heat exchanger. 
If sprays or fountains are used for the purpose, 
the disinfection process must be adapted to this 
situation, since aeration may tend to remove the 
chlorine residual. Drains from the walks must 
have separate piping with discharge to waste, and 
having no connection with the overflow drain 
line which is a part of the recirculation system. 
Water for circulation must be taken from the 
lowest part of the pool; but where a constant 
skim or overflow is maintained, a portion of the 
water may be taken from the overflow. At large 
pools the water may be taken at several points, 
so positioned in relation to the inlets as to 
prevent short circuiting of the flow. 

Sprays or nozzles for the purpose of temperature 
regulation should be operated only in periods when 
the pool is not in use. When such operation dissi- 
pates the chlorine residual, it must be brought 
up to the required content before bathers are 
admitted. Make-up water may be introduced 
by a spray, jet nozzle, or fountain, but unless it 
is filtered it will adversely affect the clarity of 
the pool. Built-in suction cleaners for removing 
deposits on the pool floor should be provided. 
Portable suction cleaners have disadvantages 
in difficulty of priming and in introducing dirt 
into the pool walk area. With “ closed-system ”’ 
pools, heavy accumulation of deposits must not be 
permitted. 


BATHING LOAD 


For each swimming pool its maximum bathing 
load must be determined and never exceeded, the 
specific load being posted conspicuously. The 
“ bathing load ”’ is the maximum number of persons 
which can be accommodated safely at a given time. 
The “daily bathing load” is the total number 
that can be accommodated in a pool—or a bathing 
area—during a day’s operation. Of various 
methods for determining these loads, a common 
method uses the pool area, allowing one bather for 
every 10 square feet in shallow water and one for 
each 27 square feet of water more than 5ft. 6in. 
deep. However, this plan is not considered logical, 
since two pools may have the same areas of deep 
and shallow water, but their bathing loads may 
differ greatly. Another formula allows 20 square 
feet per bather, including the pool area and sur- 
rounding walks, as they play an important part as 
to the actual number of bathers that can be accom- 
modated. Still another formula uses 400 gallons 
per bather as a factor. And under the Becker 
formula, the bathing load is 3-84 times the capa- 
city of the pool in gallons, divided by the cube of 
the turnover in hours. 

This last formula is considered to give closer 
resuits than any other, but the Illinois report points 
out that there are various factors which are 
omitted in all the formulas. For instance, in 
arriving at the desired figure, the following factors, 
among others, greatly affect the operation of the 
pool and its bathing load possibilities—the tur- 
bidity, the maintenance of chlorine residual, the 
zsthetic qualities of walks, and surroundings, the 
lighting, the cleaning of the pool, &c. After exten- 
sive investigation and study of a number of pools, 
the following formula has been suggested, based 
on the Becker formula. To determine the theo- 
retical bathing load of any pool, multiply the 
capacity of the pool in gallons by an arbitrary 
multiple which represents the individual equation 
of that pool, and divide the product by the cube of 
the turnover in hours ; or when L represents the 
bathing load, C the capacity of the pool, M the 
multiple, and T the turnover, 

CM 
2 A oS 

Arbitrary multiples are suggested as follows :— 
Outdoor pool with no suit control, mixed sexes, 
2-0; with suit control and regulation, 3-0. Indoor 
pool with no suit control, mixed sexes, 3-0; with 
controlled suits, mixed sexes, 4:5; with females 
only and satisfactory suits, 5-0; with men only 
and nude bathing, 6-4. For adequate suit disinfe- 
tion, add 0-5 point ; for well-distributed bathing 
load, add 0-5; where patronage is limited to 
those practising health control, add 1-0; where 
disinfection equipment is maximum, add 1-0 
point; for inadequate walk area, deduct 0-5; 
for inadequate disinfection, deduct 1-0 point. 


WatTeER SUPPLY 


The matter of water supply for a swimming pool 
is, of course, one of the main considerations. 





Under the Illinois regulations, it is specified that it 





must meet the requirements for a satisfactory 
domestic supply. That is, it should be clean, 
clear, bacterially safe, free from odours, reasonably 
soft, non-corrosive, contain no objectionable 
minerals such as iron and manganese, and be both 
plentiful and of low cost. Where the supply does 
not meet all these requirements, it is to be so 
treated as to overcome its disadvantages, as by 
iron-removal equipment or aeration to remove 
objectionable gases. Salt water, from wells or 
artificially prepared, may be used, but provision 
to prevent corrosion is then necessary. The raw 
water supply should be metered, as a check on 
water consumption and proper operation. 

All pools must have clarifying and filtering equip- 
ment, the filter capacity to be based on a six-hour 
turnover of pool content at a filtering rate of 
3 gallons per square foot per minute, or an eight- 
hour turnover at a rate of 15 gallons per square 
foot per minute. Provision must be made for the 
use of coagulants. Recirculation systems must 
have hair and lint catchers of acceptable design. 
The clarity of the water must be such that a 6in. 
black disc in the deepest part can be seen from any 
point of the deep area. Practical freedom from 
turbidity, as obtained through filtration, is essen- 
tial for sanitary conditions and safe operation, 
while clear water adds to the popularity of any 
swimming pool. 

Both pressure and gravity filters may be used, 
but the pressure type is by far the most common. 
Vertical pressure filters are used generally on pools 
up to 400,000 gallons capacity and the horizontal 
type for pools of 300,000 to 1,000,000 gallons 
capacity. Both types are used to best advantage 
in groups of four (not less than three) to obtain 
the necessary wash rate without requiring addi- 
tional pumps. Gravity filters are used mainly for 
pools of more than 500,000 gallons capacity. A 
filter rate of 2 gallons per square foot per minute 
is ordinarily necessary to obtain water free from 
turbidity, but a 3-gallon rate is permissible with 
an increase in turnover rate to six hours, assuming 
the quality of the water to be treated in recircula- 
tion is also improved. For effective back-washing, 
the reverse flow should be at least 15 gallons per 
square foot per minute, the wash water to be dis- 
charged to waste, but the waste pipe must not be 
directly connected to a sewer. Agitation of the 
sand surface by mechanical means or surface wash 
is recommended, as it improves the filter condition. 

Application of coagulants should be as far as 
possible ahead of the filters, and in general the 
most desirable point is in the suction of the recircu- 
lation pump. This arrangement gives a larger 
reaction time and more thorough mixing. Treat- 
ment sumps, with application of the coagulants 
in such sumps, should be included in the designs. 
These sumps also receive the make-up water to 
replace that spilled over the overflow edge. Under- 
drains may be composed of pipe header and laterals, 
precast blocks, or perforated or porous plates. With 
these last-named a gravel bed is not necessary, but 
ordinarily this bed is 15in. to 18in. thick, the gravel 
size varying from l}in. at the bottom to jin. at 
the top. The sand bed should be at least 24in. 
thick, with sand size ranging from 0-45 mm. to 
0-55 mm., and a uniformity coefficient not exceed- 
ing 1-6. Sharp sand having irregular grains may 
have greater efficiency, but gives more difficulty 
in cleaning by back-washing than is the case with 
sand composed of rounded grains. Besides this, 
the irregular grains tend to become round, due to 
accumulations and the friction in washing. Per- 
meability of the filter bed, which is of high import- 
ance for proper clarification of the water, is affected 
by the viscosity of the water, and the grading, 
size, and shape of the filter media. 

The equipment room for pumps and _ filters 
must be convenient of access, or the operation will 
be lax. If this room is installed under the walk at 
the deep end of the pool, as in Fig. 3, it must have 
proper drainage, light, and ventilation, and also 
protection against flooding. Easy access, outside 
of the pool area, must be provided, and storage 
space for such supplies as barrels of alum 
and cylinders of chlorine. There should also be 
means in large installations for the handling and 
removal of such heavy parts as motors and pumps. 
A typical arrangement of filters and equipment is 
shown in Fig. 4. 

Temperature is rarely a factor affecting filtra- 
tion, and only when the water is less than 40 deg. 
Fah., above which the viscosity may be neglected. 
For water of lower temperature it may be neces- 
sary to mix the pool water before filtering or to 
devise other methods of raising the temperature 
sufficiently for efficient coagulation. Where the 
supply comes from a surface supply whose tem- 
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perature in summer is too high to keep the pool 
below 80 deg. Fah. by the addition of make-up 
water, it may be cooled by jacketing the recircula- 
tion pipes and pumping through the jacket an 
inferior quality of water (for example, very high 
in iron), of considerably lower temperature. 
Copper pipes will increase the effectiveness of such 
a heat exchanger. In view of the importance of 
the chemical quality of the water in relation to 
coagulation, it is often necessary to add alkalinity. 
Alum in proportion of 1 grain per gallon will 
remove 10 parts per million of natural alkalinity. 
Effectiveness of the disinfection treatment may 
depend upon the alkalinity of the pool water. 
Pools have been designed with reversed-flow 
recirculation when in service, the water being 
admitted at the bottom and returned to the filters 
through the overflow. At other times normal recir- 
‘ culation is operated. It is claimed that nearly all 
pollution occurs near the surface, or soon reaches 


advantages, but are rarely applicable. ‘To control 
alge and other accumulations on walls and floors 
of the pools, periodical dosing with copper sulphate 
is the most satisfactory method, the dose ranging 
from 2 lb. to 80 lb. per million gallons. The dosing 
should be done when the pool is closed, and the 
sulphate content when the pool is in use should not 
exceed | part per million. 


EQUIPMENT AND OPERATION 


Although proper lighting and air conditions can 
be provided artificially for indoor pools, such pools 
should be arranged to have the maximum of sun- 
light. The lights should be recessed or otherwise 
protected, and so arranged as to give proper diffu- 
sion and prevent glare. When natural light is 
provided by windows or skylights, they should 
have a combined area equal to at least half the 
area of the pool and walks. Under-water lights 





are recommended for pools that will be used exten- 
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Fic. 3—ARRANGEMENT OF POOL AND EQUIPMENT ROOM 


the surface by its buoyancy, so that it is less likely 
to be objectionable or to cause infection if the 
surface water is overflowed and sent directly to be 
filtered and sterilised. For surface wash of filters, 
the jet pressure should be at least 10 Ib. per square 
inch. Orifices of in. or jin. are recommended, 
with a flow of 3 gallons per square foot of filter area 
per minute. 

Make-up water must be supplied continually 
while the pool is in use, to replace water lost over 
the overflow—except in closed systems. A float- 
controlled, constant-level surge tank is the best 
method from a sanitary standpoint, the make-up 
water being introduced to the tank through an 
air break of at least the pipe diameter plus lin. 
above the overflow edge of the tank. The maximum 
level in this tank should correspond to that of the 
overflow edge of the pool. If this is not practicable, 
the connection to pump suction should be equipped 
with a check valve. Alternative methods include 








sively after sunset, but they must be so designed 
as to avoid possibility of accidents. All indoor pool 
buildings should be designed with a view to acous- 
tical treatment, and the materials should be such 
as to prevent reverberations of sound which might 
result in lack of control by instructors or attendants. 

Sand beaches and grass plots are not to be 
allowed inside the pool enclosure, unless so fenced 
as to exclude bathers or to require them to be 
cleaned properly before re-entering the bathing 
area. This latter purpose may be enforced by the 
use of revolving baffle gates. Dressing rooms must 
have concrete or tile floors, with a slope of at least 
1 in 40. All corners should be coved or rounded. 
All material for dressing areas, partitions, benches, 
&c., must be such as to stand frequent hosing or 
washing without damage. Benches must also 
stand disinfection. Open court dressing areas have 
many advantages and are recommended, but a 
portion should be covered to provide shade. 
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FiG. 4—ARRANGEMENT OF 


a barometric loop, unvalved bleeder, siphon locker, 
and a vertical check valve or siphon breaker. All 
cross connections between the municipal or other 
drinking water supply and the pool and recircula- 
tion system must be protected against back 
siphonage. 

For disinfection, chlorine or chlorine compounds 
are the most satisfactory. The amount of excess 
chlorine in the pool water to be kept at not less 
than 0-3 part or not more than 0-6 part per million, 
except with chloramines. For outdoor pools, the 
equipment should be sufficient to feed at least 
3 parts per million of available chlorine, based upon 
the recirculation rate. For indoor pools it may be 
somewhat less. Whether to use chlorine gas or 
hypochlorite will depend upon economic con- 
ditions. Electric chlorination is acceptable, in 
which case an alkaline solution is formed which 
may render an alkalinity feeder unnecessary. The 
use of chlorine-ammonia is quite general, and has 
advantages in a higher chlorine residual without 
causing complaints, and in controlling alge 
growths. Intermittent disinfection with hypo- 
chlorites is not permitted in pools of more than 
30,000 gallons. Disinfection by ultra-violet ray, 





ozone, ionic silver and other methods have certain 
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FILTERS AND EQUIPMENT 


Ramps, instead of steps or stairs, should be built 
for passage from one level to another. 

Adequate shower facilities, with warm water 
and soap, must be provided, the minimum supply 
to be 5 gallons per minute for each shower. The 
showers are preferably controlled by the feet, 
leaving the bather with both hands free. Pools 
used on the platoon system for a period of one hour 
or less should have one shower for each four bathers. 
If the period is two hours, one for each ten bathers 
or one for- each fifty if the maximum period is 
four hours, and one for each 100 bathers if the 
period is limited only by the opening and closing 
of the pool. For bathing beaches, the figure is 
one shower to 200 bathers. Liquid soap is recom- 
mended. Footbaths provided at the pool entrance 
are preferably incorporated in the shower. If any 
chemical disinfectant is used in the footbath it 
must be maintained at proper strength or the 
water may become a source of infection. Straddle 
showers placed where they must be used by bathers 
in their suits at the entrance of the pool area are 
satisfactory as a final rinse, but not as a substitute 
for a cleansing shower. 

Three groups of toilet service are required : 
(a) Adjacent to the pool and showers, (b) adjacent 


to the dressing area, and (c) for use of spectators, 
since spectators must not be allowed to enter the 
dressing area. For the water-flush toilets or 
water closets, there should be no wood, and the 
basin preferably hung to the wall to permit easy 
cleaning of the floor. Urinals should be of a type 
to prevent splashing on bathers feet. Bathers 
using the toilets should be required to pass a 
shower before the re-entering the pool. Toilet 
requirements are recommended as follows :— 


(1) Pools up to 50ft, by 100ft.; Maximum Bathing Load, 700 
I 


ersons,. 
Group (a). Group (6). Group (c). 
Men... 1 closet 2 closets ... 8 closets 
ers 1 urinal 2 urinals 4 urinals 
are Sele OR os ... 1 lavatory 2 lavatories 
Women ... 2 closets 3 closets 4 closets 
_ 1 lavatory 2 lavatories 


” 


(2) Pools Over 50ft. by 100ft.; Bathing Load Over 700 Persons, 


Men... 2 closets 3 closets 5 closets 
ptect 2 urinals 4 urinals 8 urinals 
RY ye — 2 lavatories 4 lavatories 

Women ... 4 closets 6 closets 


2 closets 


2 lavatories 4 lavatories 


Marking of pools must show plainly the depths 
and bathing areas. In tiled pools this marking 
can be incorporated in the design. Where com- 
petitions will be usual, lanes must be marked to 
guide swimmers with faces submerged. The 
swimmers should be over the lane marks, not 
between them. Coloured tile or cement is the 
most permanent and satisfactory. Painting lines 
on the bottom is unsatisfactory. Lines should be 
at least 6ft. apart, or 7ft. in competition pools ; 
5ft. lanes—as often used—result in crowding, 
especially with breast strokes. They should end 
about 4ft. to 6ft. from end of pool, and be marked 
by a transverse line. If the length of the pool is 
measured in yards, the standard competitive 
metric distances should be indicated by non- 
rusting markers, or the reverse in pools having 
metric dimensions. Where pools are used fre- 
quently for competitions, provision should be 
made for installing surface lines to indicate the 
lanes. Provision for viewing the form and move- 
ments of competitive swimmers can be made by 
installing glass panels below the water level and 
opening from an access tunnel for the use of the 
coach or teacher. 

An actual barrier around a pool and its walk 





TasLE 1. 


Perfect score. 
(a) Pool tacilities : 
(1) Proper fence or barrier 4 
(2) Spectator provisions... 2 
(3) Walk drainage ... 4 
(4) Overflow drainage 4 
(5) Type of overflow 3 
(6) Adequate walk area 2 
(7) Depth proportions 1 
Total 20 
(6) Bath-house facilities : 
(1) Shower facilities (warm water) were 
(2) Toilet facilities (pool, dressing area, 
spectators) SD ere cue aah. “eae ee 
(3) Floor drainage ... ... ... 2 
(4) Cleaning facilities ... ... ... «. 3 
(5) Lighting and ventilation ... 
Total ... 20 
(c) Water treatment : 
(1) Rate of turnover (eight hours or less) 9 
(2) Rate and disposition of wash water... 4 
(3) Water supply connection Ga see 
(4) Chemical aoe SEE -) aig oae 
(5) Adequacy of disinfection... ... ... 9 
(6) Hair strainer pet ES 2 
(7) Suction cleaner ... 2 
Total ... 35 
(d) Operation : 
(1) Clarity of water ‘a 4 
(2) Inspection of bathers Sere 5 
(3) Suit requirements (disinfection) 4 
(4) Condition of bath house ..._... 3 
(5).Condition of poolarea ... ... -.. 3 
(6) Adequacy and qualifications of staff 4 


(7) Records and reports to State Depart- 
i) || a, a ee ee 


25 


Total 


Grand total 100 


area is indispensable in order to make the pool 
reasonably safe from a sanitary or safety stand- 
point. Transition from one level to another should 
be made by inclines or ramps rather than by stairs 
or steps. All pools must have adequate laundry 
equipment for suits and towels, with the same 
standards of cleanliness and disinfection as would 
be required at public laundries. If individually 
owned suits are permitted, they should be of 
prescribed type and laundered and stored by the 
pool management. It is obviously futile to insist 
on a soap and warm-water shower before entering 
the pool and then allowing bathers to don a suit 
which may have been worn several hours and used 
as underwear or a play suit. Pollution may be 





found on a majority of such suits. If bathers are 
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allowed to use their own suits and to launder and 
dry them away from the pool, provision should be 
made for disinfecting personal suits by exposure 
to chemicals or other satisfactory treatment 
before allowing their use in the pool. 

Following a systematic inspection of swimming 
pools in Illinois, with instructions as to alterations 
or improvements needed to bring them into com- 





United States Cargo 


Y the courtesy of the United States Maritime 
Commission, we were invited on Thursday 
afternoon, August 3rd, to inspect in the West India 
Dock the “‘ Challenge,” the first of the new fleet of 


“C2” liners, ten turbine driven and ten oil 
engine driven, which is being built and assigned to 
American shipping companies by the Commission. 
Challenge 





The * * was built by the Federal Ship- 


pliance with the requirements of the State Depart- 
ment of Public Health, that Department is now 
issuing certificates showing the classification of 
each outdoor pool. The classification is based on 
the Department’s minimum sanitary requirements, 
and is rated under four heads: (a) Pool facilities, 
(6) bath-house facilities, (c) water treatment, 
(d) operation. The rating is given in Table I. 


Liner “Challenge ” 


Boston and New York. On the present maiden 
voyage the ship has come over in a light condition, 
and is paying visits to her principal ports of call, 
where she is being inspected by shipping and ship- 
building men. 

She is of technical interest, as she represents the 
latest American development of marine steam pro- 
pulsion and embodies some new features in her 





very compact. The fuel economy is outstanding 
compared with recent cargo liner practice, and we 
were informed that on the builder’s official trials 
a total fuel consumption of 0-554 lb. of oil per 
shaft horse-power-hour for all purposes under full 
load conditions was attained. On her present 
voyage the “ Challenge ” left Boston on Saturday, 
July 22nd, and she arrived at Queenstown on 
Saturday, July 29th, the duration of the voyage 
being 6 days 18 hr. 30 min., at an average speed of 
16-82 knots, with a fuel consumption of slightly 
less than 0-60 Ib. of oil per shaft horse-power-hour 
for all purposes, a fuel rate which compares 
favourably with recent practice for the larger 
passenger liners. 

In the accompanying engraving we show a 
general view of the ship, the principal particulars 
of which are given in the Table on page 154. 


GENERAL DESIGN 


As will be seen from the view given below, the 
bridge is arranged aft of the third of the five cargo 
holds. It is equipped with the latest navigational 
devices, and we noted a gyroscopic compass, 
wireless direction finder, and fathometer, also the 








building and Drydock Company, of Kearney, New 
Jersey, and has been assigned to the American 
Hampton Roads Line, which company maintains 
a service between Philadelphia, Baltimore, and 
Hampton Roads to London, Hull, Leith, and 
Dundee, also Hamburg and Bremen, returning to 





CONTROL PLATFORM 








THE TURBINE-DRIVEN CARGO LINER 


hull and machinery arrangement. The turbines are 
of the General Electric Company’s cross-compound 
double-reduction geared type, taking high-pressure 
steam from two Foster Wheeler “ D” pattern oil- 
fired boilers. As will be seen from the accompany- 
ing illustrations, the machinery arrangement is 
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controls for the Lux fire extinguishing installation 
and the Rich fire detection plant with which the 
holds are fitted. The wireless equipment is of the 
latest type, giving contact with America and 
Europe at all points in the scheduled vayages. 
The sharp stem of the hull may be noted and the 
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arrangement of Samson posts for working the cargo 
with electrically operated winches. We noted that 
the hatches are fitted with wooden covers of 
approved American design. The quarters for the 
officers and crew are all arranged amidships, and 
most of them, apart from single-berth cabins for 
senior officers and passengers, are two and three- 
berth cabins, all fitted with running hot and cold 





Hull Dimensions. 


Length overall = 459ft. 
Length between perpenciculars ... 435ft. 
Beam, moulded eee 63ft. 
Depth, moulded ... 40ft. 6 
Loaded draught 25ft. 9in. 


13,900 tons 
9,291 tons 
7,400 tons 


Displacement... 
Deadweight ... 
Gross tonnage 


Cargo capacity... .. . 7,137 tons 
Capacity of five cargo holds 550,000 cubic feet 
Designed speed 154 knots 


15,000 miles at 15 knots 


Steaming range 
92 r.p.m. 


Propeller speed 

Ship's Complement 
46 
12 


Officers and crew ... 
Passengers sone aera 
Propelling Machinery 
Single-screw G.E.C. 
geared turbine 
6,000 S.H.P. 


Type 


Designed output 


Boilers ... . Two, Foster Wheeler 
“D” type 
Designed working pressure ... 525 Ib. per sq. inch 
Pressure at superheater outlet ... 465 lb. per sq. inch 
Normal. Maximum. 
Evaporation per boiler, Ib. per 

on ae . 39,750 
Superheated steam temperature, 

WS ee! el ces hk 750 765 
Feed to economiser, deg. Fah. ... 310 310 
Feed to boiler, deg. Fah. ... .. 371 380 
Air to air heater, deg. Fah.... 100 100 
Air to burners, deg. Fah. ... ... 262 285 
Gas temperature tostack.deg. Fah. 290 325 
CO,, per cent. Ag oe Pe Ss i4 14 
Efficiency, gross calorific value, per 

Fp Ons OS: b 88 87 
Superheater pressure loss, lb. per 

sq. lich 5 Se ee 15 31-5 
Economiser pressure loss, Ib. per 

SS ee Ca 4 al 9 
Desuperheated steam rate ... . 1000 Ib. per hour 


Heating surfaces- 
Boiler ... 


vee 2,614 square feet 
Water walls 


360 


Economiser SR Aves ee 1,680 
Superheater 745 
Air heater ... 2,480 


Auxiliary Generating Sets 


l'ype De Laval geared steam 
turbine 

Number of sets Two 

Total output ... 190 kW 


10,000 r.p.m. 


Steam turbine speed 
1,250 r.p.m. 


Generator speed ... 
Propelling Machinery Guarantees 

0-60 Ib. per 8.H.P.-hr. 

19,500 B.Th.U. per lb. 

7-01 lb. per S.H.P.-hr. 

14-6 lb. per kW-hr. 


Oil consumption for all purposes... 
Gross calorific value of oil ... 
Steam consumption... ... 
Turbo-generator consumption 





water supplies. There is an all-electric galley and 
refrigerating plant, and several automatic elec- 
trically operated drinking fountains are fitted. 
There is also a special laundry for the crew. 


PROPELLING MACHINERY 


The engravings we reproduce on page 158 will 
serve to indicate the compact arrangement of pro- 
pelling machinery, which comprises an H.P. and 
L.P. turbine unit, designed and manufactured by 
the General Electric Company, of Schenectady, 
and coupled to-the propeller shaft through double- 
reduction gearing. The Worthington condenser, 
which we illustrate below, is mounted on springs, 
below the low-pressure turbine. Most of the pumps 
for engine-room and auxiliary services are of 
Worthington manufacture. The evaporators are 
of the boiler type by the Davis Engineering Cor- 
poration. 

The workshop in the engine-room is particularly 
well equipped with a large bench having a pipe vice 
as well as an ordinary vice, and a wide assortment 
of engineers’ tools. The machine tools include a 
lathe, a drilling machine, a grinder, and a large 
shaping machine. 


BoILER EQUIPMENT 


The boilers, which were designed and built by 
the Foster-Wheeler Corporation, of New York, 
represented in this country by Foster-Wheeler, 
Ltd., of Aldwych House, London, W.C.2, are a 
development of the original “D” type steam 
generators which were first installed in 1935, in 
the American oil tankers “‘ R. P. Resor ” and “T.C. 
McCobb,” and which at that time caused consider- 
able interest in marine engineering circles. In the 
last four years over seventy similar boilers have 
been ordered, most of them for ships being built 
to the order of the United States Maritime Com- 
mission. The drawing reproduced on page 


153 clearly shows the general design and con- 
struction, which has been adopted. The funda- 
mental principles of design include a large com- 
pletely water-cooled furnace in which oil may be 
burned at high efficiency without overheating. The 
boiler tubes are arranged vertically, the tubes con- 
necting a top 42in. diameter steam drum to a 
bottom 32in. diameter water drum. ‘The super- 
heater is of the convection pattern and is screened 
from the fire. It comprises six passes of 1 }in. tubes 
arranged behind three rows of boiler tubes. The 
air heater is horizontal and consists of a nest of 
l}in. diameter tubes arranged eighteen wide and 
fiftv high, having an effective length of 7ft. The 
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economiser tubes are of similar effective length and 
are arranged five wide and sixteen high, and have 
a diameter of 2in., covered with cast iron gills. 
The boiler surface consists of three rows of 2in. 
tubes and thirteen rows of l}in. tubes. The 
furnace itself is completely surrounded by water 
walls and it has a depth of 7ft. 8in. and a total 
volume of 704 cubic feet. As will be seen from the 
engravings reproduced on page 158, the two 
boiler units are neatly grouped in a single casing, 
which is arranged above the turbines, the pro- 
peller shaft passing below the boilers. The two 
boilers have a total width of 36ft. 6in., an overall 
depth of 10ft. 6in., and an overall height of 
19ft. 10in. The weight of the boiler, superheater, 
and metal parts is 51 tons, that of the brickwork 
being 164 tons and that of the water at steaming 
level being 5} tons, making a total weight of 
72? tons. The weight figures apply to a single 
boiler unit. 


Rigid Concrete 


By E. E. 


A BRIDGE of most unusual type, and probably 
+4 the only one of its type, is a concrete pontoon 
bridge, 6620ft. long, now under construction in 
the United States. It crosses an arm of Lake 
Washington to carry a new highway running 
eastward from the City of Seattle, in the State of 
Washington. A feature of exceptional interest 
in this bridge is its telescoping draw or movable 
span to provide a channel 202ft. wide, since 
the lake is navigable and is connected with Puget 
Sound and the Pacific Ocean by a canal and locks. 
A general plan of this unique structure, with 
typical sections, is given in Figs. 1 and 2. 

But this pontoon bridge is not a flexible “* bridge 
of boats.” It consists essentially of a series of 
twenty-two rectangular pontoons, ranging in 
length from 218ft. to 350ft., while its draw span 
has a length of 378ft. Instead of floating inde- 
pendently, most of the pontoons are connected 
end to end by heavy bolts and shear locks, with 
grouted joints, so as to form a rigid and box-like 
structure, 59ft. wide and 14ft. 6in. deep, in typical 
section, with a freeboard of 7ft. when floating 
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without load. In regard to wave action, the bridge 


The voyage across the Atlantic was, we were 
given to understand, entirely without incident as 
regards the running of the propelling machinery. 
For a full day opportunity was taken to test the 
full steaming capacity of one of the two boilers, 
and full revolutions of 92 r.p.m. were comfortably 
maintained. 

In the engraving below we illustrate the boiler 
uptakes and the motor-driven forced draught fans, 
which draw the air from a circular casing arranged 
around the inner funnel, asshown. The Sturtevant 
fans of a high-speed type appeared very compact 
in their design. The arrangement of the two 
boilers with a central uptake is particularly suited 
for cargo ships, as it gives minimum interference 
with deck areas. At the time of our visit one boiler 
was steaming for port services, no auxiliary boiler 
being necessary with this type of machinery. We 
noted particularly the cool spaces around the boiler 
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and throughout the engine-room. A feature of 
these American vessels is the large number of 
thermostatic and automatic controls, which we 
noted were applied to the Todd oil burning equip- 
ment and the draught controls. These are pneu- 
matically operated, the air being supplied for this 
and other purposes throughout the ship by an 
Ingersoll air compressor driven by V belts from a 
motor, and provided with automatic pressure 
starting and stopping gear. 

We were interested to learn that the ship is 
staffed on the principle of one engineer per watch 
with one boiler attendant and one greaser. 

Sister ships to the “ Challenge,’ which are 
expected in this country at intervals of two to 
three months, include the ‘‘ Nightingale,” ‘‘ Red 
Jacket,” ‘Stag Hound,” “Lightning,” and 
“ Flying Cloud,” all of which are being built by 
the Federal Shipbuilding and Drydock Company 
or the Newport News Shipbuilding and Drydock 
Company. 


Pontoon Bridge 


TRATMAN 
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is designed to withstand 6ft. vertical waves 
producing a bending moment of 5000 foot-kips, 
and 6ft. horizontal waves producing a bending 
moment of 25,000 foot-kips. The depth of water 
is from 100ft. to 200ft., and the lake bottom 
consists of mud underlaid by soft clay, the latter 
changing into a deep stratum of hard clay. 

The upper surface or deck in most of the 
pontoons forms a roadway 45ft. wide for four 
lanes of traffic, with a 4ft. walk on each side, the 
sides of the pontoons being built up to form solid 
parapet walls about 33in. high. The two end 
pontoons are placed transverse to the others 
and to the centre line of the bridge, and these 
carry steel towers for the support of the adjacent 
steel truss spans of the approaches. Next to them 
are pontoons with a viaduct type of superstructure, 
carrying the roadway on a gradient of 5 per cent. 
to connect the main low-level part of the bridge 
with the high-level steel viaduct approaches. 

In brief, and beginning at the west or city end, 
there is first the transverse pontoon carrying the 
end of the approach span, followed by four carrying 
the inclined superstructure, and then ten of the 
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typical pontoons in which the deck forms the 
roadway. The next two pontoons are forked or 
divided to form a central space or dock into which 
the 378ft. pontoon of the navigable channel is 
hauled longitudinally to open the channel for 
shipping traffic. Beyond this movable span is 
one of the fixed decked pontoons, followed by 
two carrying an inclined superstructure of | in 
20 gradient, and finally the transverse pontoon 
supporting the end span of the steel approach. 
Provision is made for variations in water level 
of the lake by means of water ballast pumped 
in or out of the four west end pontoons, and by a 


‘ 
Jin 20 Viaduct 








end bearing against a seat in a buttress behind the 
wall. A 6in. through bolt, 17ft. long, holds the 
bearing in position. 

For such a floating structure, density and water- 
tightness of the concrete is essential. The con- 
crete is specified to be composed of 220 1b. fine 
aggregate and 230 lb. of dry coarse aggregate to 
each 94 Ib. sack of cement. Al! cement is to come 
from the same manufacturing works in order to 
ensure uniformity of colour for the exterior of the 
structure. The long flat surface is relieved by 
panel mouldings on the parapet wall, and by 
vertical mouldings at intervals on the sides of the 












concrete may be placed and cured in the dry, the 
specifications requiring construction in some kind 
of fixed or floating dry dock, although construction 
on launching ways may be permissible. They are 
to be launched or floated in such a way as not to 
cause stresses in excess of the design strength. 
Ballast will be required during and after launching 
of the movable pontoon, No. 18, and the adjacent 
pontoons, Nos. 16 and 17, to take the place of the 
machinery and operating houses, if these weights 
are not already installed. Upon assembly of the 
pontoons in the structure, water ballast will be 
used to bring the contact ends to correct elevation 
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FiG. 1—CONCRETE PONTOON BRIDGE CROSSING LAKE WASHINGTON 


vertically flexible joint with the next adjacent 
pontoon, No. 5. This entire floating structure 
is anchored in position, both transversely and 
longitudinally, by means of steel cables with 
concrete or steel anchors in the bed of the lake. 
Electric pumps serve for drainage and buoyancy 
purposes, and electric winches operate the hauling 
cables by which the movable span is moved 
back and forth. 


DESIGN OF THE PONTOONS 


In typical construction, each reinforced concrete 
pontoon, as represented in Fig. 2, has three 
longitudinal bulkheads, with openings 24in. wide 
and 48in. high at intervals. Transverse bulkheads, 
spaced 14ft. 64in. between centres, are alternately 
solid water-tight walls and walls having large 
openings in each panel or bay, as shown by the 
cross section. Deck manholes are provided for 
access to the interior, and sumps provide for pump- 
ing out water by hose, while lateral drains under the 
sidewalks carry off water from the roadway. To 
equalise the distribution of drainage or seepage 
water or water ballast, 3in. pipes are placed through 
the bottom of all interior walls or bulkheads, these 
openings being flush with the floor. 

The sides, ends, bottom, and deck are 8in. thick, 
and all bulkheads 6in. thick, with broad fillets 
connecting vertical with horizontal surfaces. The 
sides are vertical for about 8ft. from the bottom, 
and have then a slight tumble-home to the deck, 
above which they form vertica! parapet walls. 
In the surface of the deck or’ roadway are con- 
tinuous lane markers of white concrete. At each 
side of the roadway is a concrete curb, 14in. high 
and 9in. wide, having its top 8in. above the side- 
walk, this pavement being thus 6in. above the 
level of the roadway. This high and solid curb 
should restrain any wild or badly steered vehicle. 

End walls of the pontoons have heavy buttresses 
and braces on the inside; and are thickened in 
places, while at one end there are two 12in. pro- 
jections 3ft. square which fit into corresponding 
recesses in the end of the adjacent pontoon and 
form shear locks or keys. Around the entire peri- 
meter at the end, and at a spacing of 24in. to 36in., 
are 3}in. bolts, 9ft. long, upset to 4in. in the 
threaded portion. These bolts pass through the 
thickened portions of the end walls, and after being 
set up tight, with nuts and lock nuts, all bolts and 
shear locks are grouted in place to make a rigid 
joint. : 

From the detail in Fig. 2 it will be seen that 
there is a lin. grout space between the pontoons. 
This is enlarged near the exterior to form a pocket 
about 4in. by 5in. in section, extending around the 
entire joint. This joint is sealed by a pair of india- 
rubber pads, which are fastened to each pontoon 
by waterproof rubber cement, and are compressed 
as the joint is drawn tight by the bolts. Between 
pontoons Nos. 4 and 5 a vertically flexible joint is 
made to provide, in conjunction with water 
ballast, for changes in water level of the lake. 
This detail is shown by the upper drawing in Fig. 2. 
It will be seen that No. 4 has a projecting bearing 
which extends into No. 5 through a sealed opening 
in the end wall of the latter. It has a hemispherical 
bearing in this wall, and has also a hemispherical 





pontoons. Mechanical vibration is required, to 
produce density of the concrete, the vibrators 
to be of the internal type—that is, with the vibrat- 
ing element embedded in the concrete mass, and 
having a frequency of at least 7000 impuises per 
minute. 

These vibrators must be so operated that the 
concrete becomes uniformly plastic, giving at least 
15 sec. of vibration per 15 cubic feet of each layer 
of concrete. In vibrating and finishing top sur- 
faces which are to be exposed to wear or weather- 
ing, care must be taken to avoid drawing water or 
laitance to the surface. The surface of the concrete 
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and alignment for bolting and grouting the joints. 
If permanent ballasting should be required, clean 
dry gravel will be used. 

At the ends of the bridge the pontoons—No. 1 
and No. 22—placed at right angles to the centre 
line, are 120ft. by 59ft. and 21ft. deep, instead of 
the typical 144ft. depth. In these two pontoons 
the bolts and shear keys are on one side, instead of 
at the ends. Heavy concrete girders under the 
deck form the footings and anchorages for the 
columns of a steel tower which supports the out- 
board end of the adjacent 150ft. steel truss span 
of the approach structure. The three pontoons, 
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FIG. 2—TYPICAL CONCRETE PONTOON, ANCHOR CABLE ATTACHMENT AND BOLTED JOINTS 


roadway is to be finished by floating, with long 
wooden floats. A different type of vibrator will 
be used, however, on the screeds for levelling the 
deck surface, and for application to the outside 
of the forms or shuttering of the bulkheads. 

Concrete is to be cured by the use of curing com- 
pounds or by being kept wet for ten days or until 
the concrete has attained a strength of 3000 lb. per 
square inch, as shown by tests of specimen com- 
pression cylinders. The lane markings on the 
roadway are 6in. strips of white concrete, cast 
integrally with the deck slab. Longitudinal rein- 
forcing bars in the deck, sides, and bottom are to 
be spliced by electric welding. The depth of con- 
crete cover over the steel reinforcement is 1}in. in 
the roadway, lin. in the exterior walls, and jin. 
in the interior walls. 

The pontoons are to be so constructed that all 
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Nos. 2, 3, and 4, at the west end, which carry the 
inclined transition from the bridge to the elevated 
approach viaduct, are adjustable as to freeboard, 
by pumping water ballast, in order to provide for 
seasonal or occasional changes in the water level 
of the lake. Between pontoons Nos. 4 and 5, 
therefore, there is the vertically flexible or articu- 
lated joint already described, and shown in Fig. 2. 
On the pontoons carrying the 1 in 20 gradient 
of the road from the main part of the bridge up to 
the approach, the superstructure consists of a 
framing of rolled steel joists, forming bays of 
14ft. 7in., which are braced at intervals. The 
columns are 12in. by 12in. H-beams, with 18in. 
transverse floor beams and l6in. longitudinals. 
This framing supports a 6in. concrete deck. The 
diagonal members are 6in. by 6in. angles. Within . 
the pontoons there is a framing of concrete beams 
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adapted to the support of the steel viaduct 
structure. 


ANCHORAGE OF THE PONTOONS 


Among the many points of particular interest 
in this long floating bridge is the anchoring of the 
pontoons in their proper positions. Each pontoon 
is anchored on each side by a cable leading out at 
right angles to the centre line of the bridge and 
extending to a suitable anchor buried in the bed 
of the lake. These anchor cables, 23in. in diameter, 
are of galvanised wire strands, and are specified 
to have an ultimate strength of 620,000 Ib. on test. 
They are pre-stressed to 15 per cent. of the ultimate 
strength in order to remove construction stress. 
Two cables on each side are used at pontoon No. 16, 
which is adjacent to the movable span. 

These anchor cables have an inclination of 
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FIG. 3—CONCRETE ANCHORS FOR 


22 deg. below the horizontal, and come inboard 
through packed water-tight cast-steel sleeves, as 
shown in Fig. 2. In the pontoon the middle trans- 
verse bulkhead is of special construction to provide 
for the passage of the two cables, which lie in a 
steel conduit, 12in. by 18in., composed of top and 
bottom channels and steel side plates, embedded 
in the concrete. 

After coming inboard through the sleeve in the 
side wall the cable passes over a saddle, which 
reduces the inclination from 22 deg. to 5 deg. It 
ends in a cable socket attached to a 6}in. pin in 
the stem of a T-shaped jacking casting, as also 
shown in detail in Fig. 2. A similar jacking head, 
but made in two parts and, without cable attach- 
ment, can be placed, as shown, and with two 
75-ton hydraulic jacks between these castings the 
cable can be set up to the required pull of 350 kips. 
A maximum travel of 12ft. 9in. is provided for this 
adjustment of the cable. 

Longitudinal anchorage in both directions is 
provided for the pontoons adjacent to the draw 
opening or channel by means of two cables leading 
out of each side near each end. They have a 
vertical angle of 22 deg. and a horizontal angle 
‘of 10 deg. from the line of the bridge. In this longi- 
tudinal anchorage, the cable comes inboard through 
a concrete “cable tunnel” or tube, 15in. in dia- 
meter, formed as a diagonal projection inside the 
side wall of the pontoon. The cable turns around 
a saddle casting to a horizontal position, and its 
end has an attachment very similar to that shown 
in Fig. 2, but having a jacking travel of 13ft. 6in. 
These longitudinally anchored pontoons have also 
the usual transverse anchorage cables. 

Three types of anchors are provided for the 
cables to suit different soil conditions. Two are 
of concrete and the third of steel. For soil that 
will permit of burying deeply by jetting, and will 
give good resistance, the anchor—shown at A in 
the upper right hand of Fig. 3—consists of a 
vertical bent plate or sheet of reinforced concrete, 
12in. thick, having vertical 1}in. pipes leading to 
jet nozzles in the bottom edge, and having top 
connections for hose from the jetting pump. This 
anchor is 26in. long over all and 14ft. deep, with 
a bend’ 5ft. deep in its length. Steel eyebars 
attached to each wing form a V yoke, the bars 
uniting to connect with an eyebar to which the 
anchor cable is attached. 

For soil which also permits of jetting, but has 


little holding power, the anchor is a concrete box, 
26ft. by 18ft. and 10ft. deep, divided into two com- 
partments, 18ft. by 13ft., by a vertical partition. 
This anchor is shown at B in Fig. 3. The cable 
attachment is an eyebar embedded in the front 
wall, at the bottom of the box, and this front wall 
extends 5ft. below the box to provide additional 
surface for resistance to pull. In the front wall, 
which is 8in. to 12in. thick, are groups of 2}in. 
vertical pipes, with I4in. jetting nozzles in the 
bottom and manifold couplings at the top for 3in. 
high-pressure hose connections. While sinking, 
the two compartments will be filled with concrete 
by tremies entering 18in. holes in the top of the box. 

For anchorage of the cables in hard material 
which will not permit of jetting, the anchor con- 
sists of a pair of steel piles connected by a heavy 
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stay rod. This anchor is shown in Fig. 4. Each 








to say that up to twenty years ago when we intro- 
duced the system of ‘‘ advanced planning” in the 
works, the older type of foreman had been the man 
responsible for deciding practically all that the 
planning engineer does to-day, 7.e., the order in which 
work was to be done, the machine and the man to do 
it, the tools to be used, and in some cases speeds and 
feeds, the time the job should take, and the piece- 
work price. To be sure, the works manager gave 
directions, but the foreman had to carry it through. 

To my knowledge many foremen then took—and 
still take—a keen delight in devising improved 
methods and tools for getting their work done 
accurately and economically, and this in some 
measure paved the way for the precision methods and 
tools of to-day. 

In all my experience I have known but few foremen 
who really bullied their men, and if one did so, he 
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FiG. 4—STEEL PILE ANCHOR FOR CABLES 


CABLES 


pile is composed of two rolled steel H beams, 24in. 
by 14in., connected by riveted batten plates and 
welded fillets. The front pile, rising about 10ft. 
above the lake bottom, has a casting for pin con- 
nection near the top of the front face and another 
near the ground on the rear face. The second pile, 
rising only about 4ft. above ground, has a casting 
only on its rear face. The two piles are connected 
by a diagonal 34in. tension bar of forged steel, 
made in two parts with threaded ends connected 
by a clevis or turnbuckle for adjustment. Each 
opposite end is swaged flat as an eyebar, 2}in. 
by 5in., with an eye for a pin which secures it to 
the pile casting. The end socket of the anchor 
cable is attached by a 6in. pin to a forged steel 
link, which in turn is similarly attached to the 
bottom casting on the rear of the front pile. 

In using this steel anchor, after the piles have 
been driven to the required depth, divers will bolt 
on the three castings, the flanges of the H beams 
having a series of holes for l}in. turned bolts. 
The divers will then place the forged bars and 
drive the pins connecting them to the castings, 
and will then screw up or adjust the turnbuckle 
to give the required tension in the bar to support 
the front pile. The attachment of the cable to the 
link will be made by divers in the same way. 

(To be continued) 








Letters to the Editor 





(We do not hold ourselves responsible for the opinions of our 
correspondents) 





A NEW TYPE OF FOREMAN 

Sir,—Your leading article on “A New Type of 
Foreman” in the current issue of THE ENGINEER 
deals with a subject that is worthy of further con- 
sideration, and as one who in the past has been 
responsible for appointing and managing foremen, 
I hope you will be able to allow space to discuss this 
important subject. First, I want to pay a tribute to 
foremen generally—old and new—for, with a few 
exceptions, there is little difference between the fore- 
man of thirty years ago and those of to-day, and in 
the main the old type of foreman has filled an onerous 
post honourably and in some cases even with distinc- 
tion. Practical engineering to-day is indebted to 
the foreman of thirty years ago for much of the 








progress made in workshop practice, and it is safe 


did not last long, because he could never get the good- 
will of his men, and it is always the foreman who can 
secure the goodwill of his men that makes a success. 

Now the foreman who honestly wins the goodwill 
of his men I hold is a ‘“ gentleman foreman,” the 
type you say some engineers looked for ; and though 
our goodwill foreman had probably never been to 
college, he no doubt had graduated in the workshops, 
and if university graduates aspire to become engineers’ 
foremen, they certainly should serve a full term of 
apprenticeship in the works to become familiar with 
works methods and conditions. In that I fully agree 
with you. 

But if college-trained men are to encroach on 
what has generally been considered the preserves of 
the trained and self-educated mechanic, how and 
where is the enlightened mechanic to find advance- 
ment ? Is he to be condemned to remain at his tools 
all his life? Moreover, if the apprentice or young 
journeyman sees no chance for advancement in the 
works, where is the incentive for him to attend 
evening technical classes where so much good work 
is done ? Surely, they are entitled to look for promo- 
tion in the works. 

That many of the works-trained foremen take their 
responsibilities seriously is shown by the well- 
attended foremen’s societies that have been founded 
for many years in many of our industrial centres ; 
they are to be found in London, Newcastle, Birming- 
hand, Manchester, Glasgow, to mention a few, and 
some of these societies hold their meetings on Satur- 
day evenings to make it possible for busy men to 
attend. Saturday evenings of all evenings in 
the week! They are no idle meetings either ; 
a, paper is read on some practical subject and freely 
discussed. The avowed object of these societies is 
to spread knowledge among their members. But, 
this is the point—some at least of these societies 
were founded by the old type of foremen, who 
wished to improve their mental outlook, and at the 
same time help others. 

In conclusion, let me say that I am all in favour of 
the educated and enlightened foreman with per- 
sonality. My point is that he has generally been 
found in the works, and there seems no reason why he 
should not continue to be found there and promoted, 
not only to the responsible position of foreman, but 
also, if he has the mental capacty, to the higher 
executive posts. 

Joun HoLtoway, 


Burnham, Bucks, August 8th. 
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Rail and Road 


New Line In NEW ZeALAND.—-A new line in New 
Zealand, 73 miles long, from Napier, in North Island, 
through the Hawkes Bay country to Wairoa and Waiko- 
kopu, was recently opened. The railcars in service on the 
new line are of the New Plymouth type, produced in the 
railway’s own shops in collaboration with engineers of 
the Leyland Motors, Ltd. Connections are made at 
Napier for Wellingtun and during week-ends a through 
railcar service is operated. 

An OIL-ELECTRIC Rack Rai Locomorive.—What is 
claimed to be the first oil-electric rack rail locomotive has 
been built for the Manitou and Pike’s Peak Railway, in 
the United States, by the General Electric Company. It 
has two axles and weighs 20 tons. Its three oil-electric 
units are each rated at 160 H.P, at 1800ft. above sea-level, 
but at the top of Pike’s Peak, a height of 14,109ft., the 
rating is about 100 H.P. per unit. Traction is provided 
at the wheels as well as the rack rail, but not simul- 
taneously. 

RaiLway BuILpine In THE U.S.8S.R.—Work has been 
resumed on the building of the Kant, Tokmak and 
Rybachye railway, a continuation of the Lugavaya, 
Frunze, and Kant line, The new line will be 91 miles 
long. The new Kant and Tokmak line, which is 25 miles 
long, will be opened this year, and building is also pro- 
ceeding on the Batalpashinsk and Mikoyan Shakhar rail- 
way, which is 36 miles long. The 15-mile-long section of 
this line between Batalpashinsk and Jeguta is scheduled 
to be finished before the end of the year. 


ForGED AxtEes.—In a paper before the American 
Society for Testing Materials, Messrs. Horger and Neifert 
dealt with investigations carried out on full-sized passenger 
coach axles by the Association of American Railroads. 
It was pointed out that while very few fatigue fractures 
occur in actual railway service in the plain body sections 
of car axles, when pressed or clamped on members 
were not applied, it was important to note from tests that 
only 7-8 tons per square inch was the endurance limit 
of the full-sized axle, as compared with 14-7 tons per 
square inch for that of the usual 0- 3in. diameter specimens 
machined from the surface of the full-sized axle. The 
importance was stressed of designers taking into account 
this reduction when using untreated and forged material 
in the machined condition. 


TuRKIsH RatLways.—In a recent report on Turkey, 
Mr. 8. R. Jordan says that during 1938 a new section of 
the Sivas and Erzerum line, which is in course of con- 
struction, was opened to traffic. This section of 159 kiloms. 
lies between Divrik and Erzincan. Of the total length of 
this line, approximately 548 kiloms., 335 kiloms. have 
already been constructed, and it is anticipated that the 
remaining section will be opened for traffic by the end of 
1939. These figures do not include a branch line of some 
140 kiloms. between Cetinkaya and Malatya, which was 
opened to traffic in August, 1937. With the completion of 
the Divrik and Erzincan section of the Sivas and Erzerum 
line, the length of new lines constructed since 1924 
amounts as at the end of December, 1938, to 3015 kiloms. 
of State Railways and 20 kiloms. of privately owned lines, 
the latter a decauville line. The Minister of Public Works 
stated in a recent speech that a new line between Angora 
and Istanbul, via Bolu, was contemplated. This would 
shorten the present journey to Istanbul by some four or 
five hours, as it avoids the long detour through Eskisehir. 


ANOTHER L.M.S. CENTENARY.—The centenary occurred 
on Saturday, August 5th, of the public opening of the 
first section, Ayr to Irvine, 11 miles, of what is now the 
London Midland and Scottish Railway between Glasgow 
and the Ayrshire coast. When the line was opened 
throughout a year later, the journey of 414 miles took 
1} h., as compared with a fastest time to-day of 45 min. 
The original line, which was built by the Glasgow, Paisley, 
Kilmarnock and Ayr Railway, cost about £20,600 per 
mile to construct, and over half of it was laid on stone 
“ sleepers.”” The Glasgow, Paisley, Kilmarnock and Ayr 
Railway was also linked with the first railway in Scotland, 
which it absorbed in 1846. This was a tramway con- 
structed by the Duke of Portland for the conveyance of 
coal from collieries in the Kilmarnock area to the port of 
Troon. It was opened in 1811 and at holiday times 
passengers were conveyed in horse-drawn trams. It was 
on this line that one of the earliest experiments was made 
in the use of locomotives in Scotland, but the engine pro- 
vided by George Stephenson was too heavy for the flimsy 
track and after repeated breakages of rails had to be 
withdrawn. 


RaiLway Sratistics.—Railway statistics for the 
calendar month of March and two four-weekly periods 
ended March 25th and April 22nd, 1939, show that the 
total number of passenger journeys (excluding season 
ticket holders) taken on all standard-gauge railways in 
3reat Britain in the month of March, 1939, was 98,336,233, 
a decrease of 2,232,966, or 2-2 per cent., compared with 
March, 1938. The journeys taken by engers at 
reduced fares decreased by 1,883,558 and those at standard 
or ordinary fares by 349,408. The receipts from passengers 
(excluding season ticket holders) showed a decrease of 
£14,704, or 0-4 per cent. If the railway undertakings of 
the London Passenger Transport Board be omitted, the 
figures show a decrease in journeys of 2,009,708, or 3-1 per 
cent., and a decrease in receipts of £11,675, or 0-4 per cent. 
For all railways the receipts from passenger train traffic 
(including season tickets and parcels and miscellaneous 
traffic, but excluding mails and parcels post) were £78,701 
less than in March, 1938. For the four weeks ended 
April 22nd, 1939, the coaching train miles showed an 
increase of 242,286 compared with the four weeks ended 
April 16th, 1938. The total tonnage of freight conveyed 
(excluding free-hauled traffic) in the four weeks ended 
April 22nd, 1939, was 21,301,872, an increase compared 
with the corresponding four weeks of 1938 of 392,708 tons. 
The freight train receipts amounted to £6,966,678, an 
increase of £37,709, or 0-5 per cent. The freight train 
miles run were 316,991 less than in the corresponding 
period of 1938, a decrease of 3-1 per cent. The average 
train load increased from 125} to 133} tons, while the net 
ton-miles per engine hour increased from 461} to 4924. 





Miscellanea 


{RON AND STEEL PRopuctTIoNn 1n INp1a.—During the 
financial year ended March 31st last over 1,575,500 tons 
of pig iron were produced in India. The steel ingot output 
totalled over 977,350 tons, whilst the finished steel output 
was 725,742 tons. 

MacGnestuM Propucrion in TasMANnIA.—In order to 
exploit the large dolomite its near Smithton, in 
Tasmania, intensive development work for the production 
of large quantities of magnesium is being carried out at 
Hobart. It is expected that new works, to be placed 
in production next year, will have an annual output of 
1000 tons of magnesium metal. It is reported that a new 
process for the economic production of the metal has been 
evolved by Dr. E. Kurth, of the University of Tasmania. 


THE Gas Researcu Boarp.—The Council of the newly- 
formed Gas Research Board of the Gas Industry has held 
its first meeting at Gas Industry House, 1, Grosvenor 
Place, London, 8.W.1. Mr. E. V. Evans was elected 
Chairman. It was reported that the first President of the 
Gas Research Board would be Sir David Milne-Watson, 
Bart. The appointment of the Secretary of the Institution 
of Gas Engineers as the first Secretary of the Board was 
confirmed. The members of Council of the Gas Research 
Board have been nominated by the Institution of Gas 
Engineers and the Society of British Gas Industries. 
Applications are now being invited for the appointment of 
a Director of Research. 

LIGHTNING MEASUREMENT.—A new surge recording 
device, installed at the University of Pittsburg for the 
measurement of lightning stroke currents throughout their 
entire duration, was recently subjected to a direct natural 
stroke. It consisted of a single discharge of negative 
polarity with an initial high-amplitude component of 
21,000 amperes crest, followed by low amplitude component 
of more than 18,000 microseconds duration. At the end of 
200 microseconds the current had decreased to about 
1000 amperes. Beyond this time the rate of decline was 
much less. After some 7500 microseconds the current 
amplitude was still 100 amperes. 

Ravio INTERFERENCE-FREE MarkK.—It was announced 
a few weeks ago that the British Standards Institution had 
registered a special certification mark which could be used 
under licence by manufacturers of electrical appliances 
which are inherently free from radio interference or which 
are fitted with suppressors so that the interference is 
within the limits laid down in British Standard Specifica- 
tion 800, The British Standards Institution now announces 
that it is prepared to receive applications for licences for 
the use of this mark. Full particulars may be obtained on 
application to the Director, British Standards Institution, 
28, Victoria Street, London, 8.W.1. 


AccIDENTS aT Mrnes.—During the four weeks ended 
July 15th last there were 43 persons killed and 224 seriously 
injured in the mines under the Coal Mines Act in this 
country. The Mines Department states that fatal acci- 
dents in mines under the Coal Mines Act in the week 
ended July 22nd and from the beginning of the year 
totalled 11 and 394, including 3 and 180 due to falls of 
ground at the face; 1 and 31 due to falls of grounds on 
the roads; and 4 and 92 due to haulage and transport. 
The number of persons seriously injured in the same 
periods totalled 45 and 1688, including accidents from falls 
of ground at the face, 19 and 656 ; falls of ground on the 
roads, 3 and 102; and haulage and transport, 12 and 461. 


Sruart StreET Power Station ExtTEensions.—The 
Manchester City Council has approved the expenditure 
of £892,000 on extensions to its Stuart Street power 
station. The new plant to be installed includes two 
30,000-kW turbo-generators, each with a 750-kW house 
service generator and condensing plant ; four boilers of 
130,000 lb. per hour evaporation, two boilers to be con- 
verted from 200lb. to 375 1b. per square inch steam 
pressure; and extensions of coal conveying and ash 
removal plant. Three new 40,000-kVA transformers are 
to be installed, together with four 6600-volt, 750,000-kVA 
rupturing capacity switch units; five 33,000-volt, 
750,000-KVA switch units, and eleven 6600-volt, 500,000- 
kVA feeder units, and automatic voltage regulating 
equipment. 

Maxine SrecrionaL Mopgrs.—A useful method of 
cutting sectional models of appliances for display purposes 
is described in a note from Mr. N. V. Smith in a recent 
issue of the Machinist. The model described is of a 
lubricator, which incorporates a number of moving parts. 
It was completely assembled and large holes were then 
drilled in one half of its casing. Through these holes was 
poured an alloy having a melting point below that of 
boiling water. After the alloy had solidified the model 
was cut in a milling machine just above the centre line, 
in order that all movable parts would be retained in place. 
The alloy held all the parts rigidly in place and, after the 
cut had been made, was easily removed by warming the 
model. All operating and adjusting screws which had been 
partly cut away and were needed for demonstration 
purposes were removed and replaced by whole screws. 


Tron anp Street Institute Prizes.—The Council of 
the Iron and Steel Institute has accepted an offer from 
Captain C. A. Ablett to present a prize of £50 for the best 
paper on a subject connected with engineering in iron 
or steel works submitted to the Institute, written by a 
junior engineer, irrespective of whether or not he is a 
member of the Institute, the conditions being that the 
author of the paper shall be a British subject employed in 
Great Britain or the British Empire, that he shall be under 
thirty-five years of age and that he shall hold a position 
not higher than that of a departmental engineer. Com- 
peting papers should be marked ‘“‘ Ablett Prize Paper ” 
and sent to the Secretary of the Iron and Steel Institute, 
4, Grosvenor Gardens, London, S.W.1, not later than 
January 31st, 1940. The successful paper will be pre- 
sented at the annual meeting in May, 1940, and published 
in the Journal of the Institute. The Council may agree to 
publish more than one of the papers submitted. The 
Ablett prize for 1939 was awarded to Mr. H. Escher, of 
Port Kembla, N.S.W., Australia, for his paper on “ Ten 
Years’ Development in Steam Engineering at the Port 
Kembla Steel Works, N.S.W., Australia.” 





Air and Water 





IMPROVEMENTS AT ALEXANDRIA Harsour.—The 
Egyptian Government is to spend three million pounds on 
the improvement and enlargement of the harbour at 
Alexandria. The work is to be spread over a period of 
several years. 

Tower Bripcre.—Last year the bascules of Tower 
Bridge were raised 4000 times for the passage of ships, 
the average daily number of lifts being 10-96. An average, 
delay of 5-45 minutes per lift was occasioned to the 
traffic passing over the bridge, the longest delay lasting 
for 27 minutes. Maintenance of the bridge cost over 
£39,330. 

A Lonpon Civui Arrports CommitrEr.—It has been 
announced in the House of Commons that a London Civil 
Airports Joint Committee is to be formed. Captain H. 
Balfour will be the chairman and the members will be Sir 
Francis Shelmerdine, Sir Harold Howitt, Mr. Witney 
Straight, Alderman F. A. Horner, Mr. F. Rowland, and 
Lieut.-Col. C. W. Whitaker. 

THE CAUSE OF THE BURNING OF THE “ CONNEMARA.”— 
At the inquest on one of the victims of the fire which 
destroyed the Emipre flying boat ‘“‘ Connemara,” whilst 
it was being refuelled from a launch, it was suggested the 
fire was caused by vapour in the fuelling launch cockpit 
being drawn into the intake of the oil engine driving the 
pump, causing a backfire which ignited the petrol. 

New Lock Gates at Newport.—The first leaf of a new 
pair of lock gates, being fitted to the inner end of the 
South Lock at Newport, has been launched. It weighs 
230 tons and is 60ft. long by 40ft. deep. One leaf of the 
old gates will be used with the new one until the second new 
one is ready to be placed in position. The old gates are to 
be overhauled and kept afloat in the Old East Lock as 
spares for use in case of an emergency. 

New Braziwian DesTrRoYER.—One of the two new 
destroyers, similar in construction to the British “ H”’ 
class, being built by John I. Thornycroft for the Brazilian 
Government, was launched recently at Woolston. Named 
the “ Juruena,”’ the new ship is 323ft. long, 33ft. beam, 
and carries four 4-7in. guns and eight 2lin. torpedo tubes. 
She has a standard displacement of 1340 tons, and her 
steam turbines have a shaft horse-power of 34,000, giving 
a speed of about 35-5 knots. 

New TRAINER FOR THE R.A.F.—The first of a number of 
new fast training aircraft, built by Phillips and Powis, has 
recently been delivered to the Royal Air Force. It is a 
low-wing monoplane with a Rolls-Royce “ Kestrel” 
engine, driving a three-bladed Rotol constant-speed air- 
screw, and has a top speed of 264 miles an hour. The 
machine has two seats in tandem and the rear one for the 
instructor may be raised about a foot to give him a clear 
view over the front of the machine when it is landing. 


Triats or H.M.S. “ Janus.”—H.M.S. “ Janus,” the 
forty-seventh destroyer built by Swan, Hunter and 
Wigham Richardson, Ltd., for the Royal Navy, has 
carried out a series of successful trials, culminating in the 
acceptance trial on August 5th. The “Janus” has a 
displacement of about 1700 tons. She is propelled by 
geared turbines of 40,000 S8.H.P. driving twin screws. 
These engines, together with the oil-fired water-tube 
boilers, were constructed by the Wallsend Slipway and 
Engineering Company, Ltd. 

INTERNATIONAL AERONAUTICAL CONGRESS.—A tenta- 
tive programme has been drawn up for the International 
Aeronautical Congress to be held at Stratford-on-Avon 
from July 8th-12th. The programme is for eleven papers 
and five discussions Among the authors of the papers 
are in the British Section, Sir Henry Tizard, Pro- 
fessor B. Melvill Jones, Professor L. Bairstow, Mr. A. C. 
Campbell-Orde, Mr. Relf, and others; whilst equally 
distinguished authors from Germany, Italy, France, and 
the U.S.A. have promised to contribute. 

Lioyp’s ReeisteER WreEcK STATISTICS FOR 1933.— 
The Statistical Summary of merchant vessels totally 
lost, broken up, condemned, &c., published by Lloyd’s 
Register, shows that, during 1938, the gross reduction 
in the mercantile marine of the world amounted to 510 
vessels, of 965,346 tons, excluding all steamers and motor- 
ships of less than 100 tons ss and sailing ships and 
barges of less than 100 tons net. Of this total, 470 vessels, 
of 942,118 tons, were steamers and motorships, and 40, 
of 23,228 tons, were sailing ship$ and barges. The total 
tonnage broken up during 1938 amounted to 590,695 
tons, as against 610,783 tons in 1937, a decrease of 20,088 
tons, while that lost through actual casualties was less 
by 81,468 tons. The tonnage of vessels owned in Great 
Britain and Ireland which were broken up, dismantled, 
&c., during 1938, amounted to 155,915 tons, as compared 
with 229,270 tons in 1937. Strandings and kindred 
casualties which are comprised under the term ‘‘ wrecked ”’ 
are the most prolific causes of disaster. To such casualties 
are attributable 47-5 per cent. of the number of steamers 
and motorshps lost, and 38-5 per cent. of sailing ships. 


THE Fryrne Boat “ CHALLENGER ” ACCIDENT REPORT. 
—QOn Monday, May Ist last, when the Imperial Airways 
flying boat ‘‘ Challenger” attempted to land at Mozam- 
bique Harbour, it crashed and two members of the crew 
lost their lives. According to the report on the accident, 
the machine approached the alighting area, but its 
commander did not make use of it, but attempted to land 
directly into wind straight off his course across the narrow 
part of the harbour in order to finish his landing run in the 
vicinity of the mooring buoys. On the final approach he 
operated the throttles himself and ordered flaps “half 
out ” and airscrews “‘ fine pitch.” Later he ordered flaps 
“full out.” The commander then realised that he had 
insufficient length of run to avoid the pier and ordered 
‘* flaps in,” and himself opened up the throttles to take off 
again. The engines apparently opened up to full power. 
The flying boat touched the water and bounced into the 
air at a height of about 10ft., fell back on to the water, 
which was so shallow that the keel struck the bottom, 
again rose into the air, and finally stalled and crashed into 
4ft. of water, coming to rest on the ‘sea bottom. The 
accident was attributed to grave errors of airmanship on 
the part of the commander of the boat. 
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ROYAL AERONAUTICAL ENGINEERS 


ALL who have the interests of the Royal Air 
Force at heart will have welcomed the public 
announcement that the Air Council has decided 
that “in the interests of efficiency,” a Technical 
Branch, as distinct from the General Duties 
Branch, shall be formed for engineering, armaments 
and signals duties. It is found that in a modern 
air force, with all its complicated equipment, it is 
not practicable to maintain a body of officers 
capable of discharging both the duties of pilots 
and those of technicians. The announcement 
states that future entrants will in the main be 
obtained from University graduates, preferably 
with honours degrees, in engineering or natural 
science, who have completed a whole-time course, 
or, alternatively, from those who, in addition to 
spending some years in engineering works, have 
received a degree of education considered to be 
equivalent to the above or have qualified for 
membership of a professional institution. Ability 
to fly as a pilot will not be an essential condition of 
entry, but in the selection of new entrants previous 
flying experience in University Air Squadrons or 
in the R.A.F. Volunteer Reserve will be taken into 
account in a candidate’s favour. The statement 
adds that the conditions of service in the new 
branch will be published in due course. It may be 
assumed that the reasons for announcing now the 
intention to form this new corps, leaving the details 
for a subsequent statement, is to enable the general 





body of engineers to express their opinion on what 
is proposed and to offer their suggestions upon the 
best means for giving effect to it. This we regard 
as an excellent plan and the implied invitation to 
express our views upon it is one which we gladly 
accept. 

As we have said, we welcome the idea—a welcome 
which will not surprise those who have read what 
has been written in these columns within the past 
few years. The innovation is, indeed, one for which 
many engineers have pressed for a long time ; they 
have felt that the idea that officers on the general 
list could by going through one or more “ courses ” 
be fitted to act as qualified engineers was based on 
illusion, and that the Army had long ago taken the 
wise course in creating that distinguished corps, 
the Royal Engineers. But if the new Branch, or 
Corps, or whatever else it may be called, is to 


60 | prove a success, it must from the very start make 


itself attractive to able and ambitious young men. 
Hitherto those in the R.A.F. who have by some 
means or other qualified as specialists have rarely 
reached high rank ; in fact, all young officers know 
or think they know, that to specialise is to run the 
risk of being looked on as no longer ambitious of 
the highest posts. This is very different to naval 
practice where, for instance, to become a Gunnery 
Lieutenant is to increase rather than diminish the 
chance of blossoming out one day as a member of 
the Board of Admiralty. Moreover, in that Service 
there is the distinguished position of Engineer-in- 
Chief at the head of the Naval Engineering Branch. 
In the Army it is no disservice to an ambitious 
youngster to enter him as a Royal Engineer ; much 
the contrary. Was not Lord Kitchener himself a 
Royal Engineer? In the Royal Air Force other 
ideas have hitherto prevailed. The highest engi- 
neering post (outside of Works and Buildings) has 
been that of Director of Technical Development, 
and of those who have served in that capacity 
during the last ten years, not all would have 
claimed to be qualified engineers. That pre- 
sumably is now over. In the future the R.A.F. will 
come into line with the older Services. That 
effort, welcome as it is, will, however, only be a 
success if the new Corps has at its head an engineer 
of such high rank as to make it unmistakably 
clear to able youth that here is an honourable 
service which will afford a real outlet. to high 
ambition. We hope therefore that the “ condi- 
tions of service’ to be announced hereafter will 
give the assurance that this new Corps will have a 
distinct entity, with a Chief Engineer of high 
rank in the Royal Air Force, and that those alone 
who have at least as high educational and tech- 
nical qualifications as is customary in the Corps 
of Royal Engineers will be admitted to it. It is 
to the credit of the Canadian Royal Air Force that 
it should long ago have created the post of Chief 
Aeronautical Engineer and have appointed to it a 
distinguished officer of the highest technical 
qualifications. 

Although we have spoken almost entirely of 
engineering duties, we are not forgetful that the new 
Corps will be responsible also for armament and 
signals. But we use the word engineering in its 
wider sense, in which it is quite capable of includ- 
ing all three. In fact, the established professional 
institutions amply cover the whole field, as indeed 
appears to be recognised by the very terms of the 
announcement already made. In the interval 
before the next announcement the Air Ministry 
will be wise to seek the counsel of some of these 
institutions—for example, the Institutions of Civil, 
of Mechanical, and of Electrical Engineers, as 
well, of course, as the Royal Aeronautical Society. 
This course will ensure that all the many aspects 
of the question will be properly surveyed and that 
the final announcement will be crisp and definite, 
qualities which it would be pedantic perhaps to 
expect in a merely preliminary notification. 


Administration v. Technology 


THERE is no engineer who has attained a high 
position in business who will not tell you that 
administration, in its various branches, occupies 
so much of his time that he has little or none left 
for the exercise of his technical abilities. He has 
to delegate duties for which his training has 
equipped him in order to give his own time and 





attention to affairs in which his knowledge of a 
particular kind gained by long education and train- 
ing is of little importance. Moreover, he may sit 
on several committees indirectly associated with 
his business, attend conferences on this thing and 
that, give many hours to labour and industrial 
questions, whilst at the same time endeavouring 
to keep touch with the administration of the 
company to which he is attached. Even his 
leisure hours cannot be called his own. Local or 
public affairs may claim him, and if, as often 
happens, he is a personality in his district, he will 
be expected to give prizes to school boys and girls, 
open bazaars, lay foundation stones, and, in general, 
do many rather minor things which trench upon the 
time he has for purely technical work and thought. 
Thus does Eminence avenge itself upon those who 
have dared to scale its heights; it stultifies the 
very talents by which its devotees have mountéd. 

One might suppose that university education in 
management—as if management could be taught 
like polite deportment and the use of the globes !— 
aimed at the removal of this common practice. 
But as far as our experience goes, it has not yet 
got near that gold. It is still the chief engineer 
who has to give his attention to administrative 
problems. On him often rests the final decision 
and responsibility, and it is his voice that carries 
most weight in consultation. There are exceptions, 
of course, but, speaking in general terms, the fact 
cannot be challenged that more often than 
not it is someone who has been brought up as an 
engineer and who has won his position as an engi- 
neer that has to give much time and attention to 
matters that call for administrative qualities, but 
little at all for scientific and technical ability. In 
consequence of this practice, a great deal of his 
technical work has to be delegated. That may not 
be a bad thing. Eminence is rarely attained till 
middle age or later, when the minds of men in 
general begin to grow less active and creative, less 
pliant, less ready to face and accommodate them- 
selves to new conditions. The best inventions are 
ordinarily made by young men, men in the thirties 
or less. Hence there is something to be said for the 
advantage of employing those who have won their 
spurs on duties in the council, whilst younger men 
with all the advantages of later knowledge and 
blessed with greater elasticity of mind and energy 
of body carry on with invention and development. 
In this connection we recall a recommendation 
from the Report of the Committee on Indian Loco- 
motives—quoted in a recent number—that young 
practical officers should be appointed as Mechanical 
Inspectors, and that they should be “ free of routine 
work.” That is admirable advice. Unfortunately, 
the essence of modern business is routine, and happy 
indeed is he who can escape from its bonds. 
Routine may affect men in junior positions in 
just the same way that administration affects 
those above them ; it may distract their attention 
from purely technical matters. Colonel Mount’s 
Committee suggests a scheme for getting over that 
difficulty and we trust it may succeed. If it is 
to do so, continual vigilance will be required ; 
routine creeps upon the technician like a thief in 
the night, and if they are not wary these “ young 
practical officers ’’ will before long find themselves 
spending valuable hours each day filling up forms 
for the business people. 

It is all very well to criticise a system, common 
the world over, which diverts specialised talents 
from their proper and best use, but it is quite 
another matter to suggest a remedy. Too often, 
perhaps, the partnership of Boulton and Watt is 
cited as an example; Boulton being assumed to 
have done all the business, whilst Watt did all the 
inventing, designing, and devising. It did not 
happen quite like that. Watt was a shrewd busi- 
ness man, and much of his time had to be given up 
to non-technical, or semi-technical questions, whilst 
Murdock, a rare mechanic, carried on the manu- 
facturing side at Soho and did some of the design- 
ing. It is to be feared that it will always work 
outinthat way. The “boss,” even though he be at 
heart a technical man, will find himself more and 
more involved in administration and business 
questions. In big concerns the best solutions would 
seem to be the creation of so-called research depart- 
ments, which devote all their energies to technical 
questions of one kind and another, and are never 
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allowed to be disturbed by administrative prob- 
lems. The adoption of that plan on a very large 
scale in America accounts for the huge sums spent 
on what are called research departments, but what 
are really departments for the segregation of work- 
shop problems from the manufacturing side. Here 
“research ”’ of that kind is done, save in the largest 
concerns, in the shops themselves, and administra- 





tive duties often interrupt it. The alternative to 
schemes of this kind is to employ an administrator, 
whose duty it would be to supervise all non- 
technical matters. But even if he had as much 
technical knowledge as such a position would 
demand, we fear that even then the technologist 
would find much of his time required for adminis- 
tration. 








The Samuda 


Collection of Literature 


Relating to Atmospheric Railways 


By C. F. DENDY MARSHALL, M.A., M. I. Loco. E. 
No. I 


A aes ten years after the opening of the 
+4 Liverpool and Manchester Railway, when the 
steam locomotive appeared to be firmly established 
as the moving agent, a rival system arose, which 
for a time appeared quite formidable, and had 
some powerful supporters. The trains were 
drawn by a piston travelling in a tube between 
the rails from which the air was exhausted by 
stationary engines. 

Some years ago the author acquired the Samuda 
collection of literature on the subject, and the 
following notes contain the more interesting por- 
tions of the information therein. 

It consists of twenty-two volumes of all sizes, 
uniformly bound in calf, labelled ‘“‘ Atmospheric,” 
and numbered from 0 to 24, with four numbers 
missing. 

The first two are pamphlets by George Medhurst, 
but the author has since obtained a volume which 
contains a fuller collection of pamphlets by this 
projector, and is probably complete. They are of 
extreme rarity. 

The first is entitled ““‘ A New Method of Con- 
veing Letters and Goods with Great Rapidity 
by Air.’ By G. Medhurst, Inventor, Patentee 
and Proprietor; No. 1, Denmark Street, Soho. 
1810.” 

He begins with a scheme for a small pneumatic 
tube for mails, the letters being put in containers 
and forced through by pressure, in the same way 
as has since been put into practice. He goes on 
to propose a tunnel of 12 square feet area for 
goods, with the carriage running on an iron rail- 
way, and promises 20 miles an hour with 1 ton 
of goods for a pressure of 2201b., which is 2:02. 
per square inch, using a steam engine to pump 
the air. 

The second pamphlet (1812) is entitled “ Calcu- 
lations and Remarks Tending to Prove the Prac- 
ticability, Effects and Advantages of a Plan for 
the Rapid Conveyance of Goods and Passengers 
upon an Iron Road through a Tube of 30ft. in 
Area by the Power and Velocity of Air.”’ Again 
he used a “ plenum,” produced by steam engines 
which were to be 260 H.P., placed every 10 miles. 
As an alternative, he suggested the arrangement, 
afterwards adopted, which was to have the carriage 
outside the tube, connected to a piston within it. 

The third pamphlet, which is undated, is ‘“ On 
the Properties, Power and Application of the 
Afolian Engine.” Here he took up new ground 
altogether, and proposed to compress air by means 
of windmills, and use it in locomotives fitted with 
storage tanks. 

In 1827 he returned to the atmospheric system, 
and published an illustrated pamphlet, called 
“A New System of Inland Conveyance for Goods 
and Passengers, Capable of being Applied and 
Extended Throughout the Country; and of 
Conveying all Kinds of Goods, Cattle and 
Passengers, with the Velocity of Sixty Miles in an 
Hour, at an Expense that will Not Exceed the 
One-fourth Part of the Present Mode of Travelling, 
Without the Aid of Horses or any Animal Power.” 

One scheme was for the vehicles to be inside 
the tube (of 30ft. area). The steam engines were 
to be 185 H.P., stationed at every 20 miles. The 
air pumps were to be formed like inverted buckets, 
plunging up and down in water, so that no pistons 
would be required. The carriage was to be 
impelled in one direction by pressure, and the 
opposite way by drawing the air out. 

He then proceeded to describe the other system, 
with the carriage outside the tube, proposing to 
overcome the difficulty of keeping the tube tight 
in spite of the necessary longitudinal slot, by 
immersing it in a channel containing water, the 





slot being on the underside of the tube. He 
overlooked the fact that the water would be 
violently disturbed by the passage of the connecting 
piece. Still another plan consisted in having goods 
carried within the tube, and passengers outside, 
the slot being closed by flap valves not very 
dissimilar to those used in the plan afterwards 
adopted. Finally, he proposed to dispense with 
the railway, and run carriages on the common 
road by means of a tube sunk therein. 

This pamphlet is illustrated by five lithographic 
plates, and is full of interesting calculations, which 
are quite remarkable for the time. Unlike the 
engineers of steam railways, Medhurst was fully 
alive to the importance of shape in connection with 
air resistance. It concludes by mentioning two 
steam road carriages which he had built—and 
which are otherwise quite unknown—one in 1819, 
and the other a year or two later. He called him- 
self an ironfounder and engineer, his principal 
“line”? being weighing machines, of which his 
catalogue contained forty-two different patterns, 
costing from £2 to £150. 

The volume marked 2 in the Samuda collec- 
tion consists of “The London Journal of Arts 
and Sciences,” for 1825, containing a description 
of the arrangement patented by the next explorer 
in this field, namely, John Vallance, of Brighton. 
He proposed a system of iron tunnels extending 
from town to town, within which the trains were 
to be drawn by a vacuum, supplemented when 
necessary by a plenum behind. The carriages were 
to be cylindrical, supported on the monorail 
principle, being kept upright by three sets of rollers 
on the outside. In 1826 he constructed a tunnel 
in Devonshire Place, Brighton, 150ft. long and 
8ft. in diameter, through which passengers were 
propelled, being occasionally shot out of the tube 
into a field beyond. He published pamphlets on 
the subject in 1823 and 1825.* 

The next volume (numbered 4) is a copy of the 
same “ Journal”’ for 1835, containing an article 
on the patent by Henry Pinkus. His method was 
to have a piston in a tube, propelled by a vacuum, 
closing the longitudinal slot by means of a flexible 
cord. - Although the latter device was the only 
feature not already proposed and published by 
Medhurst, Pinkus tried to set up claims completely 
covering the system with a carriage outside the 
tube, propelled by a vacuum. The invention was 
said to be applicable to railways, roads, and canals, 
but does not seem to have been put into practice 
on any of them. In 1835 a prospectus was issued 
of the ‘“‘ National Pneumatic Railway Association,” 
with a capital of £200,000. It set out that it had 
acquired the patent (namely, Pinkus’) for an 
improvement in railways which combined economy 
and safety with almost unlimited speed, “ and as 
all the Railroads in England must, by the adoption 
of the improved system, become tributary to the 
Association, it cannot fail to yield a large and 
lasting return to the Proprietors.” Attached to 
the prospectus are two letters of recommendation, 
a short one from Faraday and a long one from 
Dr. Lardner. 

The volume numbered 5 is a description of 
Samuel Clegg’s patent atmospheric railway, dated 
1839. He associated himself with Jacob and 
Joseph Samuda, whose works were at Southwark, 
and produced the first practical scheme. 





* The first was entitled ‘‘ On Facility of Intercourse.” There 
is one in the Library of the Inst.C.E. The other, of which I 
have recently acquired a copy, is called “ Considerations on 
the Expediency of Sinking Capital in Railways.” I have also 
an item of 1833, in the shape of a ‘‘ Letter to the Kensington 
Canal Company, on the Substitution of the Pneumatic Railway 
for the Common Railway,” by John Vallance, published by 
order of the company.—C.F.D.M. ; 





Volume 6 consists of an enlargement of the last, 
called ‘‘ Clegg and Samuda’s Atmospheric Rail- 
way,” published in 1840. It contains a large fold- 
ing plate, and a detailed description of the arrange- 
ments. Power was derived from a vacuum in front 
of the piston. The longitudinal valve, a strip of 
leather riveted between two iron plates, was kept 
tight by a lip descending into a mixture of beeswax 
and tallow, which was supposed to be softened by 
the heat of a small stove, filled with burning 
charcoal, on the carriage, and to solidify again 
as it cooled. 

An experimental line was laid down in June, 
1840, of about half a mile, near Wormwood 
Scrubbs, and the results obtained raised high 
hopes. The steam engine, though only 16 H.P. 
(nominal), could propel 13} tons up an incline of 
1 in 115 at 20 miles an hour, and 5 tons at 45 m.p.h. 

The seventh volume contains the “ Civil Engi- 
neer and Architects’ Journal ” for August, Novem- 
ber, and December, 1840, comprising an account 
of Clegg and Samuda’s system; a threatening 
letter from Pinkus ; and an editorial reply thereto. 

Volume 8 is entitled “ A Treatise on the Adapta- 
tion of Atmospheric Pressure to the Purpose of 
Locomotion on Railways,” by J. d’A. Samuda, 
1841. Besides describing the system, it gives 
details of results obtained on the experimental line. 

Volume 9 consists of two letters written by James 
Pim, treasurer of the Dublin and Kingstown Rail- 
way, to Lord Morpeth in 1841, and to the Earl of 
Ripon, President of the Board of Trade, in 1842, 
setting forth the advantages of the atmospheric 
system, and proposing that it should be tried on his 
line between Kingstown and Dalkey. 

The result of the second of the above letters 
appears in volume 10, which is a “‘ Report of Lieut. - 
Col. Sir Frederic Smith and Professor Barlow to the 
Earl of Ripon on the Atmospheric Railway,” 1842. 
They carried out their own experiments at Worm- 
wood Scrubbs, obtaining as much as 40 miles an 
hour, and made some elaborate calculations. They 
considered the principle established, and that the 
economy increases with the length and diameter of 
the tube, and that it was well suited for the Kings- 
town and Dalkey line. 

It is interesting to note that, even though the 
engine was so small and the tube half a mile long, 
a vacuum of llin. was obtained in 1 min. 15 sec. 
after starting the engine and 20in. in 5 min. 

Volume 11 consists of “‘ Observations ” on the 
above report by Thomas F. Bergin, secretary of 
the Dublin and Kingstown Railway. It is an 
elaborate attempt to show that the report, though 
favourable, might have been considerably more so. 

On the strength of the report, lukewarm as it 
appeared to Mr. Bergin, the Government granted 
a loan of £25,000 to the railway company for the 
purpose of the experiment, and the line was set 
to work in August, 1843. It was single, and about 
13 miles long. It had a short descent from Kings- 
town, after which it rose to Dalkey, with an average 
gradient of about 1 in 116, the steepest part being 
1 in 574, up which the carriages ran by momentum 
alone. There were three curves, the sharpest 
being 518ft. radius. The tube was 15in. internal 
diameter. Weights of 30 tons could be drawn up 
at 30 miles an hour, and 70 tons at 20 miles an 
hour. The engine was 100 H.P. 

Volume 12 is missing. Volume 13 is a transla- 
tion into English of a report by M. Mallet on the 
above railway, dated January 10th, 1844. In the 
course of a short historical introduction, he brings 
the name of Papin in first. Other writers have also 
considered him the pioneer of atmospheric railw ays. 
The fact is that he suggested transmitting power 
to a distance by means of pulsations communicated 
by pumps to air contained in a pipe, but that is 
all. The credit for the first proposal of air applied 
to locomotion belongs undoubtedly to Medhurst. 
The latter, we are informed by M. Mallet, was a 
Danish engineer—no doubt on the strength of the 
fact that his address was Denmark Street, Soho ! 

One interesting point brought out by Mallet is 
that only about half a minute was required for 
the pressure at Kingstown to reach the same 
figure as that at Dalkey. He mentions a speed of 
514 miles an hour. 

The fourteenth volume is a Report by Robert 
Stephenson to the directors of the Chester and 
Holyhead Railway (autographed presentation copy 
from its author to Samuda), dated April 9th, 1844. 
This report, which is based on a most elaborate 
series of tests, is to the effect that the system is not 
so economical as locomotives or ropes; is not 
conducive to greater speed than can be obtained 
with locomotives, and is unsuitable for long lines ; 
but might be applicable to short lines, especially 
if with severe gradients. 
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The leakage from the longitudinal valve was 
found to be practically uniform, whatever the 
pressure, the explanation being that at the higher 
rates of exhaustion, when more leakage would be 
expected, the valve was more powerfully sucked 
down. The amount of air lost from the tube was 
252 cubic feet per minute, or 180 per mile. The 
external air resistance was found to absorb 78 H.P. 
out of 150 at 35 miles an hour. 

A calculation is given of the cost of applying the 
atmospheric system to the London and Birming- 
ham Railway, with highly unfavourable results. 
There are eighty-five indicator diagrams from the 
pump. 

Here I have been able to insert a copy of the 
“ Evidence taken before the Select Committee on 
the South-Western and Epsom and Croydon and 
Epsom Railways, relating to the Atmospheric 
Principle of Propulsion,” 1844. 

Volume 15 is the “ Proceedings ”’ of the Institu- 
tion of Civil Engineers for 1844, and contains a 
paper by Jacob Samuda on “The Atmospheric 
Railway.” An interesting remark is to the effect 
that high speeds are more advantageous than low, 
since there is less time for leakage to occur. The 
following are some of the advantages, viz.:— 
Immunity from collisions; saving the weight of 
the locomotive and its destructive effect on the 
rails; also the loss of power caused by slipping 
on greasy roads, and the superior economy of 
stationary engines. The construction would be 
cheaper, owing to the admissibility of steeper 
gradients. He also discussed the cost on a line of 
112 miles in length, like the London and Birming- 
ham, which he estimated at less than half that of 
locomotives. 

The trains had been working regularly between 
Kingstown and Dalkey for about six months, fre- 
quently as many as thirty-five in a day. 

Farey spoke in favour of the system, pointing 
out that with locomotives, the heavier the gradients 
the heavier the engines had to be. 

Volume 16 is a “ Mémoire relatif a l’établisse- 
ment du Chemin de Fer de Paris 4 Strasbourg dans 
le Systeme Atmosphérique,” by E. Vuignez, 
published at Paris in 1844. It quotes Vignoles, 
Brunel, and Cubitt as being in favour of the 
atmospheric system. This particular scheme was 
not put into execution. 

Volume 17 was missing from the collection, but 
the gap has been filled by extracts from Vol. IV 
of ‘ Weale’s Quarterly Papers on Engineering,” 
1845. The first is a short article “On the Appli- 
cation of Atmospheric Pressure to Railways,” by 
T’. Harris, jun. He proposes to reduce the number 
of engines required by having pipes arranged in 
such a way that an engine could be connected to 
different sections of the line as required. Then 
follow three reports on “Improved Methods of 
Constructing and Working Atmospheric Rail- 
ways,” by Robert Mallet. They contain proposals 
relating to the method of producing the vacuum. 
One suggestion was to have one or several large 
vacuum chambers as a reserve, whereby a smaller 
engine and pump could be used, by being kept 
constantly at work. The reservoir was to be five 
times the volume of the tube. Another scheme, 
which is elaborately worked out, and illustrated 
by plates, was to obtain a vacuum by means of 
filling vessels with steam and then condensing it. 

(To be continued) 
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SHORT NOTICES 


Faults and Failures in Electrical Plant. By Robert 
Spieser. London: Sir Isaac Pitman and Sons, Ltd. 
1939. Price 30s.—In preparing this volume the author 
has been assisted by various engineers associated 
with different departments of Brown, Boveri and Co., 
Ltd., and the volume has been translated by Elaine 
Hunking, of the Metropolitan-Vickers Electrical 
Company, Ltd. A foreword has been written by 
Mr. D. B. Hoseason, also on the technical staff of that 
company. Unlike many books that come to our 
notice, this volume deals entirely with practical 
problems. It describes phenomena arising during 
testing, assembling, and putting electrical plant and 
apparatus into service and experience gained in con- 
nection with the repair of plant that has given trouble. 
The causes of breakdowns and their results are clearly 
described, but only those methods of treatment that 
can be carried out on site are discussed. Methods 
which can only be applied in the maker’s factory are 
neglected, and the same applies to methods of testing, 
as special meters and auxiliary devices are assumed 
to be unavailable. Such matters as excessive 
temperature rise and its causes, troubles in wind- 
ings, in the core, on slip rings and brushes and 





commutators, vibration, and bearing troubles are 
considered in the early part of the book and much 
useful advice is given. Other sections of the 
volume are devoted to the causes of a generator 
failing to give voltage, troubles with generators 
operating singly or in parallel, rotary converter, 
synchronous and asynchronous motor troubles, pro- 
tection against fire, and the extinction of fire, and 
the cleaning and maintenance of machines. The 
overheating of transformers and their protection, 
troubles in the individual parts of the electrical 
circuit, in the individual] parts of the magnetic circuit, 
in the cooling system, and in choke coils are among 
the many other matters discussed in the book. 
To practical men in charge of electrical plant and 
apparatus the book should prove useful, although 
the author does not profess to have dealt with all the 
aspects of faults and failures that may be experienced 
in practice. To extend the scope of future editions 
readers who have encountered troubles not covered 
are invited to communicate with the author. 


Direct-current Machinery. By Hempstead S. Bull. 
London: Chapman and Hall, Ltd. 1939. Price 15s. 
—Electrical engineering students who contemplate 
specialising in D.C. work will find this volume 
useful. Numerous problems of varying degree of 
difficulty relating to dynamos and motors are 
considered. The somewhat unconventional topical 
sequence is claimed to make a more intimate 
correlation with laboratory instruction possible 
without sacrifice of logical development. Having 
discussed the units and equations dealing with the 
electro-magnetic production of torque and voltage 
and with resistance and resistance combinations, the 
author proceeds to deal with measuring instruments, 
their principle of construction and operation. Subse- 
quent chapters deal, among other things, with the 
shunt motor, variable-flux motors, motor starting 
and speed control, the magnetic circuit, generator 
characteristics, armature windings, losses and effi- 
ciency and armature reaction. Generators for special 
purposes and the operating characteristics of boosters, 
balancers, three-wire generators, and other special 
generators are also considered, but no reference is 
made to converters, probably because they are com- 
bined A.C. and D.C. machines. 


Locomotive Drawings. Croydon: F. H. Smith, 
159, Davidson Road. Price 2s. 3d. net.—This book 
contains nearly 200 accurate line drawings of ancient 
and modern British engines and gives references to 
sources of official dimensions and particulars. It has 
been compiled in response to a demand for the issue 
in book form of the drawings by Messrs. F. C. Ham- 
bleton and L. Ward, which have appeared in the 
Journal of the Stephenson Locomotive Society. A 
number of other drawings have been included by per- 
mission of the editor of the Locomotive, and by 
Messrs. G. F. Burt, J. N. Maskelyne, G.,F. Bird, and 
J. Cosgrave. The book will prove a useful and inter- 
esting reference work to all locomotive enthusiasts. 


Klementary Vectors for Electrical Engineers. By 
G. W. Stubbings. London: Sir Isaac Pitman and 
Sons, Ltd. 1939. Price 5s.—Recognising that much 
has been written on vectors for electrical engineers, 
the author of this small but useful volume explains 
in the preface why he deemed it necessary to make 
an addition to this class of technical literature. His 
experience has shown that there are two difficult 
branches of vector theory and special pains have 
been taken to deal with them. The first of these 
difficulties is the application of the methods of 
graphical vectors to the three-phase circuits in which 
sources of alternating E.M.F. are interconnected, 
and the second the development of a symbolic 
notation involving the use of the algebraic imaginary. 
In the first two chapters of the book the funda- 
mentals of the representation of alternating electrical 
quantities by graphical vectors are explained and 
illustrated. A detailed elementary treatment of 
the graphical solution of three-phase problems by 
vector diagrams is given in the third chapter, which 
emphasises the importance of the notation of the 
polarity of E.M.F. sources. Subsequent chapters 
deal with vector algebra. Here the author has 
endeavoured to develop the theory of the vector 
calculus from an objective basis, and it is hoped that 
his novel approach to the imaginary “j”’ and the 
implied convention for vector multiplication will be 
helpful to those who find the usual explanations 
unsatisfying. As the symbolical notation of vectors 
leads so naturally to the hyperbolic functions a 
short final has been added in which the geometrical 
meanings of these functions is explained. 


Telephony. By T. E. Herbert and W. 8. Proctor. 
London: Sir Isaac Pitman and Sons, Ltd. 1938. 
Price 20s.—This book gives an account of the practice 
of automatic telephony as carried out in the General 
Post Office. But with the object of directing atten- 
tion to the fundamental differences in design systems 
other than those used in Great Britain are briefly 
described. The book contains thirteen chapters and 
four appendices, occupying with the index 749 pages. 





Although automatic telephony is a highly specialised 
subject, many engineers are associated with it, and 
there is little doubt that the book will be widely 
appreciated. While the authors can lay claim to no 
small experience in G.P.O. work, they have not failed 
to seek the assistance of manufacturing firms and 
others. In preparing the volume considerable help 
has been derived from the Journal of the Institution 
of Electrical Engineers, the printed papers of the 
Institution of Post Office Electrical Engineers, 
“‘ Electrical Communications,” and the Post Office 
Electrical Engineers’ Journal. 


Electric Circuits and Wave Filters. By A. T. Starr. 
London: Sir Isaac Pitman and Sons, Ltd. 1938. 
Price 2ls.—A detailed treatment of Dr. Cauer’s 
theory and notes on recent developments of the theory 
and the design of filters are included in the second 
edition of this book. As in the previous edition, a 
brief and relevant treatment of electro-magnetism 
precedes a discussion of the vector and symbolic 
methods used in A.C. work. The design of resistances, 
condensers, and coils, including transformers, is 
then considered in considerable detail, and the theory 
of combinations of these elements follows. By 
incorporating methods well established for the treat- 
ment of power transmission, the theory of the four 
terminal network is clarified. A discussion of wave 
filters based mainly on the fruitful methods of Dr. 
Zobel, of the Bell Telephone Laboratories, is then 
given. A general and orderly approach to the general 
problem of the wave filter is described, which led the 
author to a method of filter design. Acoustic analogies 
and electro-acoustics are treated from first principles 
and in detail. The subject of transients in networks 
includes some original results and implications. 








Sixty Years Ago 


INSTITUTIONS AND THEIR WAYS 


In 1879 the Institution of Mechanical Engineers 
chose Glasgow as the centre for its annual summer 
meeting. In our issue of August 8th of that year we 
published a report of the proceedings at the meeting 
and commented upon it in a leading article. The 
meeting, judged by comparison with its counterparts 
of to-day, was much more of a professional than of a 
social nature. Mr. John Robinson, the President, 
opened it with an address entitled “Cheap Internal 
Transport as a Necessity for Prosperity.” Then 
followed two papers on marine governors, one by 
Mr. D. J. Dunlop and the other by Mr. F. W. Durham. 
Next Mr. Stephen Alley read a paper on “ The Main- 
tenance of Constant Pressure in Water Service Pipes,” 
and finally Mr. W. H. Thomas presented a contri- 
bution on a cognate subject, the design of a pressure 
reducer for water mains. For the rest, the meeting 
was devoted to visits to neighbouring works, including 
the shipyards of Robert Napier and Sons and John 
Elder and Co., Dixon’s Ironworks, Macfarlane’s 
Foundry, the North British Railway’s Cowlairs works, 
and the locomotive works of Diibs and Co. and of 
Neilson and Co. It is to be inferred from a passing 
reference that ladies were present at some of the 
visits, but if the arrangements for the meeting 
included anything in the nature of a banquet, dance, 
or reception we failed to report it. In our leading 
article we traced briefly the history of the Institution 
and concluded by asking two questions: Was it still 
needed ; was its work as good as it was formerly ? 
The answer to the first question, we said, was in the 
affirmative. In spite of the fact that the country now 
had a technical Press, which was unknown in the 
days when the Institution was founded, it remained 
true that the Institution could still fulfil an important 
function in bringing its members together for con- 
verse and intercourse. The answer to the second 
question, we wrote, was not so happy. It was beyond 
dispute that the quality of the papers read before the 
Institution and of the discussions which followed 
them had deteriorated. The papers were too fre- 
quently mere advertisements and the discussions 
were becoming more and more desultory. Possibly 
the increased facilities for publishing information 
might have had something to do with that result. 
Possibly the multiplicity of societies might have 
made it difficult for any one to maintain a sequence 
of really valuable contributions. So long as one or 
two societies had a practical monopoly of publica- 
tion they could pick and choose ; now the many had 
too often to get what they could.... We might 
write much on the same theme and on the same lines 
to-day. Were we to do so, however, we would weigh 
the significance of an incident which had occurred 
just eleven months before the date of the Glasgow 
meeting. At the Paris meeting of the Iron and Steel 
Institute in September, 1878, Thomas and Gilchrist’s 
paper on the dephosphorisation of pig iron was, 
owing to want of time, not read. Its importance was 
not realised until extracts from it had been published 
in several technical journals. The inference would 
seem to be that it is better to suffer a spate of 
mediocre contributions than to run the risk of 
rejecting one or two which in after years will become 
of historic importance. 
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Locomotive Research and Development’ 


No. IT 
(Continued from page 136, August 4th) 


FRANCE: TRACK TESTS 


S early as 1883 Couard® of the P.L.M. Railway, 

undertook trials to measure deformation of the 
track under load, making use of Marey manometric 
bulbs. Ch. Buisson had already shown, in 1860, that 
they could be used for transmitting small movements 
of high frequency by air pressure. 

The apparatus consisted of two manometric bulbs, 
one, of high resistance, fitted with an actuating lever 
and secured to a fixed member near the part whose 
movement was to be recorded ; the other, known as 
the receiving element, was much more sensitive and 
was connected to a stylograph which accurately 
followed the movements of the diaphragm and 
inscribed them on the recording cylinder of an electro- 
magnetic chronograph. These two bulbs were inter- 
connected by a rubber pipe, which was 4 mm. in 
diameter and of sufficient length for the recording 
device and the operator to be at a suitable distance 
from the track. 

These trials allowed for the study of deflections of 
rails and sleepers under the passage of trains, and 
special attention was paid to rail joints. They did 
not give a measure of the forces involved. An elec- 
trical pedal device marked the passage of each axle 
on the record and the use of two similar pedals, 20 m. 
apart, permitted an exact determination of speed. 

About 1916 the P.L.M. Railway adapted an experi- 
mental method which Rabut? had developed for 
measuring fatigue in various bridge members, using 
calibrated jacks to reproduce the amount of deflec- 
tion caused by the passage of a locomotive on the 
track. In these trials, the difficulty was to establish 
the relation between loads applied statically and those 
produced dynamically, where the effect on the track 
was identical. 

More recently, Blondel,® chief engineer of the 
P.O. Railway, went further in the same direction. 
He sought to increase the resistance to side displace- 
ment of 46 kilos. per metre (approximately 92 lb. 
per yard), standard F.F. rail laid on twenty-nine 
sleepers per 16} m. rail length (about 54ft.). 

Three different kinds of ballast were employed (sand, 
broken granite, and sharp stone), and the tests were 
made with (a) transverse static forces applied either 
with a stationary or a moving point of application, 
and (6b) a transverse dynamic force applied in the 
form of a blow. 

From these tests the following facts were estab- 
lished :— 


(1) Permanent residual displacements are greater 
with static forces applied, with either a stationary, 
or a moving point of application, than with dynamic 
forces in the form of an instantaneous blow, where 
the input of energy is the same. 

(2) A static force acting laterally on the track, 
with a moving point of application, gives rise to a 
greater side displacement of the track than a 
stationary force of the same value. 

(3) In all cases the resistance of track to side 
displacement is a function of the vertical load, 
which presses it down on to the ballast. 

(4) When track under load is transversely dis- 
placed by an amount equal to L, say, by the appli- 
eation of a jack, it returns by an amount equal 
to L/3 when the jack is removed, and by a further 
amount of L/3 when the vertical load is taken off. 
A residual displacement of L/3 therefore remains. 

(5) When a stationary static force, applied 
laterally to the track, gradually increases from zero, 
the side displacement of the track is zero at the 
beginning, and increases very slowly at first, then 
at a greater rate, and finally the displacement 
becomes excessive. The relation between the 
value of the side displacement and the force 
depends on the nature of the ballast and on the 
standard of maintenance of the track; but it 
should be noted that a track which has been 
recently repacked is weaker than one which has 
been undisturbed by packing, in so far as resistance 
to side displacement is concerned. 

(6) When a lateral static force is moving along 
a track, and increases in value as it moves, the 
side displacement slowly increases at first, and then 
at an increased rate until a critical value is reached, 
beyond which a very marked side displacement 
suddenly takes place. This critical value also 
depends on the nature of the ballast and on the 
standard of maintenance of the track; its value 
has been found to be that which under the condi- 
ticns set out in (5) above gave a side displacement 
of the track of gin. For an axle load of 19 tons 





* Being Chapter VII of the Report of a Committee on 
“* Pacific ’’ Locomotives on Indian Railways. India Office. 
Price 6s. 9d. Some of the diagrams have been omitted owing 
to the impossibility of reduction. 

© Revue Générale des Chemins de Fer, October and December, 
1887. ‘“* Conditions de Stabilité des voies” (‘‘ Conditions for 


Track Stability,”) by Couard. 
? Annales des Ponts et Chaussées, October, 1896. 
8 Revue Générale des Chemins de Fer, December, 1932. 





on track ballasted with sharp stone after recent 
packing, this critical value was found to be 11 
tons, but if a considerable time had elapsed since 
packing it increased to 15 tons. On sand ballast 
this force was found to be about 10 tons. 

(7)-A blow of about 2 inch-tons (which is higher 
than can be produced by an axle loaded with 20 
tons, even in the most violent hunting movement) 
did not displace the track. A blow of twice the above 
value gave a side displacement of only ¥in., which 
is a negligible amount. When blows of the same 
value are repeated on the same point on the 
track, the effect rapidly decreases, and after a few 
such blows no further side displacement takes 
place. These blows were, however, given by a 
swinging weight acting on the track on which a 
stationary vehicle was standing, and the conditions 
might not exactly reproduce the nature of a blow 
given by a vehicle during hunting. The trials 
were therefore amplified by reproducing irregu- 
larities of increasing magnitude at certain points 
on the track, in order to induce hunting of an engine 
running at high speed and consequent heavy 
lateral blows; but no further side displacement 
of the track could be obtained. 


From the above trials it might be thought that, 
if hunting takes the form of exerting a series of blows 
on the track, it would have little effect on track 
distortion ; but, as explained in Chapter III, the 
effect of hunting may be described as a more or 
less gradual building up and falling away of pressure 
on one rail and the other alternately. It can therefore 
be likened to a static force with a moving point of 
application and not to a sudden blow. 

Some confirmatory work has also been carried 
out to establish the validity of Blondel’s results 
in actual service at high speed. A section of track 
of certain known type and/or condition of main- 
tenance was selected, and pointer gauges were firmly 
bedded in the ground alongside, at short distances 
apart. These pointer gauges were arranged to record 
on paper drums the actual deflection of the track, 
and a trigger device was fitted so that the passage 
of each individual wheel advanced the paper drum 
one stage. By this means it was possible to correlate 
any individual rail deflection with an individual 
axle on the engine. By simultaneously taking 
measurements of flange forces on the engine, a direct 
relationship was established between the known 
flange forces and their effect on the track at high 
speed. Generally, for French conditions, it was 
found that Blondel’s conclusions, drawn from experi- 
ments made at very low speeds, held good for actual 
running conditions at high speed. 

Further tests were made by Lanos,® of the former 
Est Railway, in order to determine experimentally 
the actual sinusoidal path traced by each pair of 
wheels on heavy engines when running at high speeds 
on curves. 


ENGINE TRIALS 


After the war track and rolling stock in France 
were found to be in bad condition as a result of the 
heavy traffic; when it was desired to run again at 
pre-war speeds before complete overhaul had been 
made, certain weaknesses became apparent. Billet, 
of the P.O. Railway, approached the problem by 
attempting to isolate the forces induced in certain 
locomotive parts and to determine relative displace- 
ments. To measure the forces he employed apparatus 
based on the use of measuring bulbs, but the results 
were unreliable. To measure displacements the 
following arrangement was used :— 


A pick-up, consisting of a series of contacts insulated 
from each other, was fixed on one of the members, 
and a brush was secured tothe other member whose 
displacement in relation to the first was required. 
This brush was pressed against the contacts, which 
were all electrically connected to a series of steel 
points resting on the recording drum, the distance 
between the points being the same as that between 
the contacts. A high-tension current produced 
by a magneto passed through a circuit which included 
the brush, one of the contacts, of the pick-up, and the 
corresponding steel point on the recorder (Fig. 3). 
Under these conditions a spark passed between the 
steel point and the metal cylinder on which the 
recording paper was rolled. This paper was per- 
forated by each spark, and recording by points 
resulted. The accuracy of the curve obtained was a 
function of the number of contacts, and therefore 
of the number of points per unit of length of dis- 
placement. When, however, the points were too 
close, parasitical currents caused irregular sparking 
and the record was fogged. 

To improve the record, the magneto was replaced 
by a low-tension battery, the points rubbing on 
paper impregnated with ferro-cyanide of potassium. 





9 Revue Générale des Chemins de Fer, February Ist, 1939 
(‘‘ Experimental and Theoretical Study of the Nosing Movement 
of Locomotives on Curves ”’). 





By this means current passing from a point would 
make a blue mark on the paper, for the ferro-cyanide 
of potassium was transformed into ferric-ferro- 
cyanide of iron, %.e., Prussian blue, at the point of 
contact. This apparatus was heavy, its points and 
contacts wore away rapidly, and it was not found 
suitable for general application. 

Mauzin’s Apparatus for Track Measurements.— 
A few years later Mauzin made use of Bowden cables 
to record, in a continuous manner, the exact position 
of engines in relation to the track, as well as the 
variations in curvature. The casing of the cable 
was fixed at one end to a rigid part of the engine 
frame, and at the other end to the casing of the 
recorder. One end of the cable itself was fixed on a 
movable contact held against the rail by a spring ; 
its other end was secured to the pencil of the recorder. 
By this means, also, bogie movement in relation 
to the main frame could be measured. 

For linear displacements, another method used 
was a potentiometer wire secured to the fixed member. 
A sliding contact, fixed to the moving member of 
the engine, could traverse the length of the potentio- 
meter wire which was fed by a low-voltage D.C. 
The variations in current picked up by the sliding 
contact were indicated and recorded by means 
of an oscillograph. Care was necessary in the arrange- 
ment of the potentiometer to ensure that the voltage 
variations in the oscillograph circuit were propor- 
tional to the linear displacement of the contact. For 
measuring in a continuous manner the exact curvature 
of the track under load three contacts were fixed to 
the engine main frame, each bearing against the rail. 
The value of the versine was thus obtained for a chord 
whose length was equal to the distance separating the 







































































Fixed 
Frame ~~». 
Movi oO : Crum 
Part > Conlacts 
Brush . 
displacement Spot marked! 
on paper 








= 
Tt 
my KT. Magneto 


RECORDING DISPLACEMENT. 
FRENCH EXPERIMENTS. 


“Tne Ewoineer” 


Fic. 3 


outer contacts. In practice, however, records taken 
in this way could be falsified by horizontal deflection 
in the engine frame. 

In the earlier apparatus recording cylinders were 
driven by clockwork, and, as cables or rods were used 
to transmit the displacements, the apparatus had to 
be mounted on the engine itself. Later, in order to 
superimpose diagrams taken at different speeds, the 
drums of the recorders were driven from an axle in 
order to correlate the diagram movement with the 
distance run. When the potentiometers were intro- 
duced, however, for the measurement of the relative 
movements, and when electrical apparatus was subse- 
quently developed for measurement of forces, it 
became possible to mount the recording apparatus 
in a special van hauled by the test locomotive. This 
has the advantage of reducing to a minimum the 
number of parts which have to be fitted on the engine 
and also allows successive tests on different engines 
to be rapidly carried out. Moreover, delicate instru- 
ments and their operators can function better in a 
van than on the footplate. There are in France at 
present five or six such vans specially fitted for this 
work. 

Mauzin’s Apparatus for Measuring Flange Forces.- 
Measurement of flange forces exerted by an engine 
on track is a more difficult matter than the measure- 
ment of engine displacements. At first, Mauzin?® 
used relatively large deflections of crank axles as a 
dynamometer for measuring continuously the varia- 
tions in distance between the tyres (6ft. 6in. diameter) 
under lateral load in the horizontal plane of rolling. 
Variations in this distance were transmitted by a 
Bowden cable from spring-loaded contact wheels 
bearing against the inside faces of the tyres on a 
given axle. In France the crank axle generally leads, 
and as in this position it affects the guiding of the 
engine when bogie control is insufficient or track is 
imperfect, records of some value were obtained, 
although calibration of a dynamometer, which con- 
sisted of a wheel and axle assembly, was difficult in 
practice. 

Direct measurement, however, of the lateral forces 
was desirable, and this could be made only by devices 
fitted between the engine frame and the axle-boxes. 
Almost at the same time apparatus of this nature was 
also developed in America and Germany. In France 
use was madeof the piézo-electric properties of quartz,” 


10 Revue Générale des Chemins de Fer, March, 1934. 
11 Revue Générale des Chemins de Fer, January, 1938. 
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which had already proved useful in other spheres. 
The use of quartz has an advantage over all other 
methods ; it enables forces to be measured directly 
without the intermediary of any other dynamometric 
element. 

When a disc of quartz (Fig. 4), suitably mounted, is 
subjected to a compressive force it becomes elec- 
trically charged on its opposite surfaces like a con- 
denser, and two equal quantities of electricity are 
produced of opposite polarity, the value of which is 
proportional to the force applied. A special electro- 
metric valve of high resistance is mounted as near as 
possible to the quartz to avoid loss; in this valve 
variations of potential in the quartz are transformed 
into variations of current, which are, in turn, amplified 
by a double-stage valve amplifier. The measuring 
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device was originally a Dubois oscillograph, but now 
a cathode ray oscillograph is used. The first quartz 
apparatus was fitted in June, 1933, on a ““ B-B”’ type 
electric locomotive. In March, 1934, it was first 
used on a steam locomotive of the 4-8-2 type. 

The measurements of flange forces, by this appa- 
ratus, have been the means of determining the most 
suitable values for bogie side control on certain steam 
engines, and of suppressing individual hunting of the 
bogies on electric locomotives. The measurements 
have also been used in connection with increase in 
speed of streamlined locomotives ; the flange forces 
exerted by streamlined 4-4-2 type engines at 
140 kiloms. per hour (87 m.p.h.) have been proved to 
be no higher than those of normal “‘ Pacific” type 
engines at 120 kiloms. per hour (74 m.p.h.). It 
has also been shown that lateral movements of loco- 
motives are usually initiated by variations in curva- 
ture and defects in alignment or level. 

Accelerometers.—Due to the deflection of the track 
under load, it has long been recognised that visual 
examination of unloaded track does not reveal all 
defects, and recourse is often had to accelerometers 
placed either on engine or train to check the state of 
the track in loaded condition. The original apparatus 
of this kind is the Hallade track recorder, which 
simultaneously gives vertical, longitudinal, and lateral 
accelerations of the vehicle in which it is located. 
More recent instruments, such as the Puica-Keraval, 
Huguenard-Magnan-Planiol, and, later, one of quartz 
type, measure accelerations in one direction only, 
but their indications are more reliable, because their 
own natural period is very small, especially in the 
case of the quartz t 

Since, however, the relation between the accelera- 
tion measure—which varies even from one position 
to another in the same vehicle—and the lateral force 
exerted by a vehicle at the rail is constantly varying 
the use of an accelerometer is not able to give absolute 
values of the forces exerted. On the other hand, 
accelerometers are useful for comparative purposes 
in connection with the state of maintenance of the 
track and comfort of travel in coaches. 

Measurement of Track Defects.—In seeking to 
remedy defects in curvature or in line and level it is 
essential to give their exact positions and relative 
importance to the gangs responsible for maintenance, 
and the following apparatus has recently been intro- 
duced in France for this purpose :— 

(1) Vehicle for Measuring Rail Depressions.1°— 
The depression of one rail in relation to the other is 
measured by the distance between the point of 
contact of one wheel on the rail and the plane of 
the points of contact of the three other wheels of 
a bogie. When the variation in depression exceeds 


a certain value a jet of paint can be automatically 
thrown out to mark the spot. Where one rail is 
superelevated in relation to the other the value 
of this at any given point is obtained by inte- 
grating the variation in the level of the two rails 
in relation to the bogie wheel base of the measuring 
coach. 

This vehicle will detect low joints in the track, 
while an arrangement of three rail contacts, as 
already described, gives variations in curvature by 
measuring continuously the versine on a given 
wheel base. Variations in gauge can also be 
recorded by special pedals touching the inside of 
both rails. When these devices are rigidly cali- 
brated the accuracy of the records is independent 
of the speed at which they are taken, and this 
vehicle can be used in normal trains without any 
particular speed restriction. 

(2) Vehicle for Measuring Curvature.‘4—This is 
a three-axle vehicle which measures the versine on a 
base of 20m. by directly recording the transverse 
displacement of the centre axle in relation to the 
rigid frame joining the two outer axles. The 
versines are measured full size, and the simplicity 
of the device in conjunction with the high degree 
of rigidity in the transmitting elements between 
the axles and the recording table guarantees 
extreme accuracy. In addition, the device 
measures the gauge of the track, also the super- 
elevation, by means of a damped pendulum. 

Because of the desire to give direct transmission 
of the relative movements, it has been found prefer- 
able to mount this vehicle without bearing springs. 
This limits the maximum speed at which the vehicle 
can be used to 20 kiloms. per hour (12} m.p.h.). 
On the other hand, there is the advantage that, due 
to the practically negligible centrifugal force at 
this speed, it has been possible to use the simple 
pendulum for measuring superelevation. 


In connection with the above apparatus, it is of 


interest to note that in 1934 a Committee was 
appointed, consisting of an engineer from each of the 
railways, in order to consider the results so far 
obtained by the different French companies regarding 
the stability of rolling stock on the track. 

Side Control Provided.—Representative values for 
the amount of side contro] provided in France are 
as follows :- 


Type ve | 4-6-0 | 4-6-2 | 4-8-2 
Railway... . er ae P.e. Est. 
Weight on bogie ... 24.15.) 27. 10« | 26 t. 16¢ 
Bogie control spring 
load : 
Initial,tons ... ... 1-75 5-6 | 7-8 
Final, tons Fe 5:6 10-0 11-8 
Hind truck control 
spring load : | 
Initial, tons ... — Radial box 0-8 
Final, tons fitted with flat slides 1-5 

















SouTH AFRICA 

Publicity has recently been given to a compre- 
hensive series of tests carried out by the South 
African Railways in connection with derailments on 
curves. A description of these has been given in THE 
ENGINEER of November 25th, 1938, page 581, and 
this information has been kindly supplemented by 
Mr. W. A. G. Day, Chief Mechanical Engineer of the 
South African Railways. 

The origin of the tests was several derailments 
which had occurred on curves in different parts of the 
3ft. 6in. gauge system. Although they were shown on 
inquiry to be due to excessive speed, they had some 
effect on public confidence. It was decided therefore 
to investigate the whole matter, in order to prove that 
the theoretically calculated maximum permissible 
speeds were well within the limits of safety. The 
trials were carried out between April and November, 
1937. In the first place, single vehicles, then an 
engine and tender, and finally a whole train were run 
round a curve at increasing velocities until derail- 
ment took place. Careful records of speed and distance 
were kept, and still and moving pictures were taken 
with high-speed cameras. 

Each unit was hauled up a gradient of 1 in 30 to 
1 in 40, and then released to rvn down under the 
effect of gravity alone. The curve at the bottom was 
of 300ft. radius, and the vehicles either negotiated 
the curve safely, in which case they were brought to 
rest by an automatic braking device, or they derailed. 
The speed at which the test curve was traversed was 
obtained by direct calculation from simultaneous 
records of distance and time, made on a revolving 
chart. Points for distance were inscribed through 
specially designed track contacts, situated at intervals 
of 40ft. round the curve, and operated whenever a 
copper contact plate on the vehicle struck the flexible 
phosphor bronze strips of the fixed track contacts. 
Time was marked by electric impulses from a clock 
giving ten strokes per second. The units tested were 
a 4-8-0 type engine and tender and representative 
goods wagons. 

The results confirmed the formule used for over- 
turning speeds, and these speeds were in all cases 
higher in practice by several miles per hour than the 
calculated figures. This was held to indicate that 





12 Revue Générale des Chemins de Fer, June, 1937. 
13 Revue Générale des Chemins de Fer, J "y, 1933. 








14 Revue Générale des Chemins de Fer, December, 1937. 
15 Revue Générale des Chemins de Fer, January Ist, 1938. 





hammer blow and lurching do not play so great a 
part as was anticipated. With regard to the former, 
it had been assumed that the locomotive hammer blow 
reaction on the low rail side could be sustained long 
enough at the top of its stroke to enable it to assist 
in capsizing the engine. Cinematograph studies, 
however, showed that the capsize was gradual over 
a distance of 100ft. to 150ft., and as the wheels 
revolve many times in the interval, it would indicate 
that hammer blow is not a factor of first importance 
in this respect. 

These tests were made for a special purpose, and 
did not deal with more than one class of engine, which 
was not running under its own steam. They were, 
however, an interesting approach to the subject of 
derailment at speed on curves and the educational 
effect of showing the films to the staff has impressed 
the need for strict adherence to speed regulations. 

Some particulars were also supplied by Mr. Day 
of the type of bogie used on the engine, and this is 
of interest, as being a combination of swing link and 
spring side control. The single point swing links, of 
themselves, afford no initial contro]. This is provided 
by laminated springs. As there are no sliding surfaces, 
the friction in the system is reduced to a small amount 
in the swing link pins. The 4-8-0 type engine which 
was used in these tests weighed 58 tons on a wheel base 
of 23ft. 3in. The initial] side control was 1-42 tons. 

GREAT BRITAIN 

Until recent developments in high-speed services 
emphasised the importance of research, no connected 
experimental work has been carried out in Great 
Britain on flange forces and their effect on track. 
There are two reasons for this. First, the standard 
of track construction and maintenance has been 
generous in relation to the probable transverse forces 
to be resisted, coupled with the fact that adverse 
natural features such as undue heat, torrential rain, 
and unstable subsoil are rarely met with. Secondly, 
the locomotive in general use on high-speed services 
has, until recent years, been of the 4-6-0 type, which 
gives lower flange forces for a given degree of bogic 
control than does, say a “ Pacific.’ Moreover, 
engines of the latter class, which might have brought 
the problem into prominence have, where intro- 
duced, been mainly confined to running on important 
main lines, the track of which is generally acknow- 
ledged to be amongst the best in the world. 

Track distortions have only occurred at rare 
intervals, but as a result of gauge spreading certain 
railways are carrying out practical trials with bolted 
track, the general use of which is confined to the 
G.W.R. Generally speaking, radical alteration in 
the type of engine has been made whenever necessary, 
without a systematic investigation into the whole 
subject as affecting both track and engine. There 
have therefore been no trials at high speed of the 
kind undertaken in America, Germany, France, and 
India. A certain amount of investigation has, 
however, been initiated on the broad subject of vehicles 
on rails, of which the following examples will give 
some idea :— 

(1) Work has been proceeding in the research 
department of the L.M.S. Railway for a number of 
years on the subject of rail and tyre wear. As a 
necessary feature of this, the motion of a pair of 
wheels on the rail has been considered, the main 
objects being to reduce the rate of wear, and to investi- 
gate the riding of four-wheel bogies, particularly 
from the point of view of obtaining comfortable riding 
in passenger coaches. Mathematical investigations 
have been undertaken", trials have been made with 
models, and high-speed cinematograph films taken of 
the action of full-size wheels on the track. This has 
resulted in recommendations for the degree of tyre 
coning and for the materials used. 

(2) In the last two years, a mathematical investi- 
gation has also been undertaken by Professor Inglis, 
of Cambridge!” into the vertical path of a wheel 
moving along a straight railway track. The object 
of this is to study the manner in which the running 
of a pair of wheels and axle may be effected by 
characteristics, such as the elastic compression of the 
ballast, the stiffness of the rail, lack of continuity 
at the rail joint, wheel loads and speed. Experi- 
mental verification is in hand, on the track of the 
L.M.S. Railway. 

(3) On the G.W. Railway a series of preliminary 
tests, with various types of bogies on passenger 
vehicles, was first made, the effect of permanent way 
being temporarily ignored. These were later supple- 
mented by the use of the Hallade instrument to 
obtain records of the various movements of vehicles. 
These tests soon showed that it was impossible to 
ignore the effect of the permanent way, or even to 
make allowance for it without further data. A 
standard stretch of road was then selected, and was 
maintained, so far as was practicable, in a uniform 
condition. Over this portion of the line compara- 
tive tests of various bogies were made, the same special 
vehicle being used, attached to the rear of a train 
with adjacent buffers just in contact. To ensure that 
speeds when passing over the standard track.were as 
uniform as possible, the same train was selected for 
each test. 





16 ** Some Experiments on the Lateral Mea 4 Railway 
Vehicles,” by R. D. Davies, ‘‘ Proc.,”’ Inst. C.E., 

17 “The Vertical Path of a Wheel Moving pot a , Rellwey 
Track,” by Professor C. E. Inglis, “‘ Proc.,” Inst. C.E., 1939. 
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Elsewhere, valuable information was obtained of 
the influence of track defects on the running of 
vehicles, and to assist the permanent way staff in 
locating these defects, an observer in the special 
vehicle released whitewash from a container at points 
where excessive movements were observed. As a 
modification of this, when various types of bogies 
were being tested, washes of different colours were 
used (one for each type). If all bogies reacted un- 
favourably, it was evident that the track was at 
fault. If, however, only some of the colour washes 
were found on the track, it was concluded that the 
corresponding types of bogies were more sensitive to 
track defects than others. 

The next step eliminated the human element, and 
the coach movement itself was used to operate the 
whitewash valve. For this purpose a. bogie was 
selected which had shown itself to be most suitable. 
_ This was permanently installed under the coach 
thereafter being maintained to the highest possible 
standard. In this way, effects due to worn tyres, &c., 
were eliminated, and the dropping or withholding of 
whitewash was made increasingly dependent on the 
condition of the permanent way. The apparatus’® 
has proved to be so successful that, in conjunction 
with. the Hallade recorder, it is now used on the 
G.W. Railway on all track-marking trials. It is 
important to note that the whitewash dropping 
apparatus is controlled only by the relative speed 
of lateral movement of the bogie in relation to the 
coach body, and not by the amplitude of such move- 
ment, and is entirely unaffected by vertical oscilla- 
tion. 

(4) In the course of an investigation on the L.M.S. 
Railway into certain derailments at low speeds, a 
hydraulic flange force recorder has also been developed. 
In this arrangement, the plungers of small hydraulic 
cylinders, which are attached to the frame, bear 
against a ring welded to the wheel spokes. A force 
at the wheel flange exerts a pressure on the plungers, 
which is recorded by an adaptation of a steam engine 
indicator. Accurate readings can be obtained at very 
low speeds and over short periods of time, and the 
apparatus has been found to be successful within 
its limited range. It is not considered to be capable 
of use at higher speeds, because leakage and inertia 
effects are liable to reduce the sensitivity of the 
apparatus and the accuracy of the diagram obtained. 

Side Control—The above examples are quoted to 
show that work so far done has only had a partial 
bearing on the matter we are considering. In India 
until the advent of “‘ Pacific ’’ engines as in England 
until now, it is true to say that lateral forces on rails 
have not presented an urgent problem. The subject, 
however, must increase in importance with the 
present-day trend towards increased speeds. The 
amount of side control at present provided on bogies 





Milling Machine for Precision Work 


THE milling machine illustrated herewith is a new 
addition to the range of such machines made by Alfred 
Herbert, Ltd., of Coventry. It is claimed to be 
exceptionally easy to control and to be suitable for 
small precision work in a wide range of materials. 

















VERTICAL MILLING MACHINE 


The spindle head is arranged to swivel 45 deg. 
on either side of the vertical; this movement 
accomplished by slackening three bolts, allowing 


LS 





the spindle head, motor, and drive to swivel as one 


cover, which is removable by unscrewing one thumb 
screw. The spindle is mounted on precision ball 
bearings, and the spindle sleeve slides in a long capped 
bearing, so that if wear should develop excessive 
clearance can be taken up by scraping the cap. 

Vertical movement of the spindle is effected by 
means of a pinion engaging with a rack on the spindle 
sleeve. Two methods of feed are available, either 
by a hand wheel fitted with a large adjustable 
graduated dial for fine settings, or by a lever. The 
spindle is counterbalanced by means of a clock 
spring which is adjustable for tension, and the rack 
pinion is divided along its length so that the balance 
spring automatically takes out any backlash. To 
enable fine and accurate depth settings to be made 
on the spindle head feed, a micrometer depth stop 
is provided on a bracket on the front of the head. 
The spindle is hollow and has a taper nose to accom- 
modate spring collets which hold the cutters in 
position. Cutters having either parallel or taper 
shank can be used. 

The knee saddle and table all have vee slides which 
are adjustable for wear by means of taper gibs. 
The knee has a solid top, the cross traverse nut being 
offset on the saddle and projecting into a cavity 
at the side of the knee. Elevation is effected by a 
hand wheel geared through a pair of bevel gears 
to the square thread elevating screw. An adjustable 
graduated index disc is fitted to the hand wheel. 

Feed to the table is applied by hand or auto- 
matically. The automatic feed is engaged on the 
dropping worm principle by means of a lever at the 
left-hand end of the saddle. Disengagement of the 
automatic feed is made by hand or automatically 
by means of adjustable dogs mounted on the front 
face of the table. The design of these dogs is such 
that they can be used as dead stops. Normally, 
the hand wheel for hand traverse is mounted at the 
right-hand end of the table. It can, however, be 
changed to the left-hand end if required by a simple 
operation which is effected by merely changing the 
bracket end for end. 

The feed motion consists of a separate motor-driven 
gear-box mounted on the rear of the column, the 
motor being bolted to the back of the feed box and 
inside the column. A telescopic universally jointed 
shaft transmits the drive to a dropping worm under 
the left-hand end of the saddle. Six rates of feed 
are available, changes being made through a series 
of sliding gears operated by a pair of levers on the 
side of the feed box. The electrical control gear is 
mounted on the right-hand side of the machine. The 
main motor is stopped, started, and reversed by a 
lever-operated butt-contact switch. The feed motor 
switch is also of the butt-contact type and is incor- 
porated in the main motor switch. Thus, although 


there is no “off” position for the feed motor, it 
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SWIVELLING SPINDLE HEAD AND DEPTH STOP 


and trucks in British practice is given by the following 
examples taken from the L.M.S. Railway :— 


sree 


Final, tons 


| 
Lr OER oy, eee | 46-2 4-6-0 4-4-0 
Weight of engine, tons | 100 794 54 
Wheel base gic ikea test ioe 37ft. 27ft. Zin. | 22ft. 8in. 
Bogie control spring load : | 
Initial, tons ... a ™ shee Cae 4 2 | 1-56 
eee | 5 | 2-83 | 2-6 
Truck control spring load : 
Initial, tons... ... ... 1-44 
| 3 


(T'o be continued) 
18 “ Proe.,” Inst. Mech. E., Vol. 121, page 465. 








unit. To make this adjustment possible the spindle 
head is mounted on a cylindrical sleeve in a housing 
formed in one with the column. The main driving 
motor is carried in an extension of the tail end of 
this sleeve. The drive to the spindle is by vee belt. 
Six spindle speeds are available and speed changes are 
effected through two interchangeable three-step, vee- 
rope pulleys mounted on tapered sleeves on the motor 
shaft and spindle. Vee-rope adjustment is effected 
by means of a single adjusting nut situated between 
the motor feet. This nut is rotated by means of a 
tommy bar and has the effect of moving the motor 
and sleeve in or out of the tail of the spindle head 





sleeve. The vee ropes are guarded by a light alloy 


ELECTRICAL ECONTROL GEAR AND FORMING DEVICE 


only starts running when the main motor is started. 
The feed can be disengaged mechanically by dropping 
the engaging worm in the saddle. Table feed direc- 
tions are selected by means of a switch lever mounted 
on the same centre as the main motor control, 
the direction of feed being: indicated by arrows 
adjacent to the lever. Lower down the column 
is the main isolating switch, an ‘“ Isofuse”’ triple- 
pole interlocked isolating switch with three replace- 
able fuses. 

The suds pump is motor driven, is mounted inside 
the base of the machine, and is operated by a push- 
button switch. Thermal overloads are incorporated 
in the pump switch so that in the event of the 
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pump stopping as a result of overload, the switch 
trips automatically and after a short interval of time 
resets itself. 

A forming device is supplied with the machine. 


It consists of an arm attached to the lower end of 


the spindle sleeve and carrying an adjustable stylus. 
A special round-nose cutter is supplied in the standard 
tool equipment. The die to be copied is mounted 
on the right-hand end of the table below the stylus, 
and using the longitudinal feed the form can be 
traced out by using the hand feed to the spindle to 
keep the stylus in close contact with the master 
die. Cross feed is applied by hand. 

The main dimensions of the machine are: Longi- 
tudinal feed (automatic), Llin.; transverse adjust- 
ment, 5in.; vertical adjustment of table, 11}in.; 
vertical travel of spindle, 2in.; maximum distance 
spindle to table, 143in.; minimum distance spindle 
to table, Llin.; distance from centre of spindle 
to face of column, Tin. 








A Furnace-Charging Machine 


A RECENT addition to the range of furnace-charging 
machines made by the Incandescent Heat Company, 
Ltd., Cornwall Road, Smethwick, Birmingham, is the 
electrically operated cantilever machine shown in the 
accompanying engraving. It has a reach of 12ft. 6in., 
and is designed for a maximum distributed load of 
3 tons. 

The machine runs on rails, laid along the front of 
a battery of furnaces, the centres of the traction wheels 
being 13ft. 6in. apart. On the rear set of traversing 
wheels is mounted a carriage which carries the driving 
and control equipment of the machine. The frame 
consists of two rolled steel channel sections, which 
form runners for the wheels of the charging forks. 
The charging forks comprise two rectangular section 
inild steel bars, with centres set 2ft. apart, firmly 
braced and welded together, the rear end being con- 
structed as a heel plate in which is mounted the rear 
runner wheel shaft. At the front end the two forks 
move over rollers fixed to a cross head. This cross 
head is mounted on the ram of a hydraulic jack, 
which, by raising or lowering the cross head, sets the 
level of the forks for loading and unloading. 

The forks are moved backwards and forwards in 
respect to the frame by a continuous chain driven by 
an electric motor through a worm reduction gear. 
The worm driving gear may be seen on the left-hand 
side of the carriage in the illustration, and behind it 
is the electrically driven pump which actuates the 
hydraulic jack. 

On the side of the carriage opposite to the driving 








A Link Test A.C. Ammeter 


THE link test A.C. ammeter shown in the accom- 
panying illustration has been developed by Salford 
Electrical Instruments, Ltd., of Silk Street, Salford, 
for the accurate measurement of current in a con- 
ductor without breaking the circuit. It consists of 
a portable current transformer with its secondary 
connected by detachable leads to a moving coil 
rectifier A.C. instrument. The arrangement of the 
windings and the design of the iron circuit are claimed 




















LINK TEST AMMETER 


to ensure that the instrument is unaffected by any 
variation in the reluctance of the iron circuit, and thus 
make it far superior to other types. Two and three- 
range models are available, the range being changed 
by means of a simple switch. The scale is almost 
linear, and accurate readings can be obtained through- 
out its entire length. By means of the rotatable 
handle the magnetic circuit can be opened to admit 
the conductor to be tested. On rotating the handle, 
a catch is first released and the movable yoke is then 
caused to move through a right angle. After the 
conductor has been encircled, the core is reclosed 
by rotating the handle in the opposite direction, and 


Wye Lrguge. 2 


CANTILEVER FURNACE -CHARGING MACHINES 


gear is the operating platform. All the control gear, 
comprising a vertical drum controller for transverse 
motion, push button switches for the fork forward 
and return movement, and control for the hydraulic 
jack pump, are grouped on a single panel on the 
operating platform. All controls are within easy 
reach of one operator, and instantaneous control is 
ensured by the provision of electro-magnetic brakes 
where necessary. 

The machine has a height of just under 3ft. above 
floor level, its overall width being 7ft. 4in., and its 
overall length 18ft. 9in. 

The company also makes a number of similar 
machines, designed for both hand and mechanical 
operation. 





the final movement snaps the catch and ensures a 
definite magnetic circuit. When the core is locked 
in its closed position the reluctance never varies, and 
even when the yoke is 10 deg. from the closed position 
the error is only minus 10 per cent. Hence, although 
the transformer is never likely to be used in this con- 
dition the figures indicate that the possibility of error 


arising as the result of an imperfect iron circuit is 


negligible. 

The makers also explain that as the instrument 
and transformer form separate units they can 
be used in confined or badly illuminated situ- 
ations. The instrument may be at least 6ft. 
away from the cable under test, and if necessary 
longer leads can be provided. 





The instrument can also be used on three-phase 
cables to detect and measure fault current, for if no 
leakage is occurring the sum of the currents in the 
three phases is zero. If, however, leakage is taking 
place an out-of-balance current down to 0-5 ampere 
can be measured. When taking measurements on 
armoured cables at the cable end box, the armouring 
should be disconnected and temporarily earthed by 
means of a lead threaded back through the test trans- 
former in order to neutralise any current which may 
be present in the armouring itself. The transformer 
core and windings are encased in substantial insulat- 
ing mouldings, which make it safe to use the instru- 
ment on bare conductors working at pressures up to 
600 volts or on insulated cables subjected to any 
voltage. Readings are independent of the con- 
ductor’s position, and the accuracy is 2 per cent. 
of the full-scale reading. 








Emergency Transformers 


THE first transformer to be constructed by the 
Hackbridge Electric Construction Company, Ltd., 
under the national scheme for emergency electrical 
plant is shown in the accompanying illustration. It is 
a 20,000-KVA, three-phase, 50-cycle unit. The 
primary and secondary voltages are 33 kV and 11 kV 
respectively, and there is a full-load tapping for 

















20,000-KVA TRANSFORMER 


6-6kV. For cooling the transformer there is a special] 
Serck cooler, pumps for circulating the oil through the 
radiators, and a forced draught fan. A 30-kKVA 
transformer with a ratio of 6600/400 volts, mounted 
on the far end of the main tank, supplies current for 
driving the fan and pump motors and for other 
auxiliary services in the sub-station. Complete units 
of this description, together with the cooler, auxiliary 
transformer, and all other fittings in place, can be 
transported over any railway track in Great Britain 
where the standard loading gauge is in force, and can 
be put into service in a very short space of time. 
Other mobile units constructed for the C.E.B. include 
four identical units and three similar units with the 
secondary arranged for 22 kV or 11 kV by means of 
series-parallel connections. Three 15,000-kVA units, 
with a voltage ratio of 6-°6/5-8/5:35 kV, are 
also in the course of completion. 








Tue Science Museum.—Sir Rowland Hill, of penny 
post fame, made a rotary machine for printing news- 
papers in 1835. It gave excellent impressions at what 
was then considered high speed, but in those days a duty 
stamp had to be affixed to every sheet as it was printed 
and the Government would not give permission for these 
to be impressed on the paper as it passed through the 
printing machine. The Science Museum has recently 
placed on view an exhibit consisting of the original inking 
rollers and impression cylinders of Rowland Hill’s machine, 
together with some of his types and a drawing of the 
complete machine as it must have looked 104 years ago. 
These objects were last exhibited at the Caxton Celebra- 
tion, which was presumably held in 1877 to mark the 
four hundredth anniversary of the publication of the first 
book printed in England. The label used on that occasion 
was found with the rollers and it is interesting to read the 
opinion, given forty years after the original invention, 
that ‘‘ the machine, in some respects, possesses advantages 
superior to those even of the best newspaper machines of 
the present day, inasmuch as it is adapted, not only for 
curved stereotype plates, but for movable types, thus in 
some cases saving the time required for making the stereo- 
type plates, and in all cases affording a ready means for 
insertion up to the latest moment in at least one machine 
of any fresh news which may arrive even after the printing 
has commenced.” 
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Technical Reports 





Longitudinal Flow in a Trailing Vortex. By W. F. 
Hilton, Ph.D., B.Sc., D.LC., A.R.C.Sc. Air Ministry 
Reports and Memoranda No. 1858.—The trailing vortex 
from the tip of an aerofoil has been examined and photo- 
graphed in the fluid motion tank at Imperial College. It 
was found that the centre of the vortex moved after the 
aerofoil, whilst the outside had the usual, purely rota- 
tional motion. At intermediate radii the combination 
of the two motions resulted in a corkscrew path being 
traced out by the particles. Photographs of this motion 
are shown, together with a number of observed longi- 
tudinal velocities. It may be possible to develop a mathe- 
matical theory to predict this effect. 


The Vibration of Airscrew Blades. By B. C. Carter, 
F.R.Ae.S. Air Ministry Reports and Memoranda No. 
1846.—-The investigation has been made mainly to deter- 
mine how the inferences of R. and M, No. 1758 are affected 
when account is taken of the existence of (a) a light 
rigid boss in conjunction with blades of constant helix 
angle and (0) a light rigid boss in conjunction with blades 
twisted in a particular form. The partial analyses of 
these matters given in R. and M., No. 1758, are com- 
pleted and examples are given from the formule derived. 
The formule taking account of boss radius are applicable 
to turbine blades when allowance is made for the inertia 
of the centre portion. Twist effects are not examined 
generally, but the particular case taken serves to indicate 
what these effects are. This extension of the theory has 
been very much facilitated by working in terms of certain 
basic functions. 

Conclusions.—({a) For boss radii within the limits met 
in airscrews, the effects of a light rigid boss are taken 
account of very closely by substituting for L (the tip 
radius in the previous formulz), the length from blade 
tip to blade root. (6) The general character of the fre- 
quency curves is not altered by the existence of twist of the 
amount present in airscrews. (c) The formule obtained 
in respect of (a) and (6) are more complex than the original 
formule, but their use does not involve much more 
computation. 





The Growth, Structure, and Properties of Wood. Forest 
Products Special Report No. 5. H.M. Stationery Office. 
9d. net.—This report, issued by the Department of 
Scientific and Industrial Research, summarises the prin- 
cipal conclusions reached in systematic investigations 
carried out at Forest Products Research Laboratory 
and elsewhere on the structure of wood in relation to 
physical and mechanical properties, on the one hand, 
and to conditions of growth on the other. 

It is hardly possible to work with timber for any length 
of time without being impressed by the individual character 
of each species and the variety of figure to which wood 
owes so much of its charm. At the same time, however, 
comes the realisation that the variations in density, 
strength, and machining properties are such that no two 
pieces are exactly alike, and are sometimes apt to place 
wood at a disadvantage in competition with other indus- 
trial materials. Within the limits of a single species the 
variations are due largely to growth factors which influence 
the development of the anatomical and sub-microscopic 
structure of the growing tree, and ultimately determine the 
properties of the wood. The anatomical structure of wood 
thus forms an important link between growth and 
utilisation. 

Growth rate, the proportion of summerwood in the 
growth rings, and specific gravity have often been regarded 
as the most useful indications of the strength of timber, 
and the emphasis given to these features in some of the 
earlier publications on the subject has seemed to imply 
that if only the relationships were studied in sufficient detail 
these features might be used as satisfactory guides to wood 
properties. Studies of several typical hardwoods have 
shown, however, that these factors may account for less 
than half the variation encountered in some strength 
properties, and that in some material the physico-chemical 
composition of the fibre walls may have a greater influence 
on strength than all the other factors put together. 

Up to the present it has not been possible to define the 
variations in cell wall composition in either chemical or 
physical terms, but they are distinctly recognisable by 
means of the standard histological reagents of the botanist, 
and some indications have been obtained of the types of 
growth condition responsible for them. It has been found, 
for instance, that the condition of the cell wall that makes 
for a high resistance to longitudinal compression is 
dependent on climate, and that on the whole tropical 
timbers are stronger in this respect than temperate 
timbers. Resistance to shock appears to behave in the 
reverse manner, the temperate zone timbers being tougher 
than tropical timbers weight for weight. The composition 
of the wood substance is also influenced by quite small 
deviations of the tree from the vertical. In sloping trees 
there are important differences in strength, shrinkage, and 
machining properties between the wood from the upper 
and lower sides, and these differences have been traced 
to the composition of the fibre walls. 








Woop LayER MaTErRiaL.—We have received from A. C. 
Wickman, Ltd., Coventry, particulars of a wood layer 
material known under the trade name ‘“ Obo.” It is 
supplied in plates of uniform size, of which thicker articles 
can be made by glueing or otherwise connecting normal- 
sized plates. It has a compressive strength in vertical 
direction to the layers about 17-8 tons per square inch, 
and its surface hardness is 22 tons per square inch Brinell. 
It is made in two grades with tensile strengths of 94 tons 
and 7 tons per square inch respectively. ‘‘Obo” can 
be machined by either wood or metal-working tools. 
Tools made of this material are particularly satisfactory 
for the shaping of sheets for small and medium quantity 
parts in aluminium and various alloys up to 1-5 mm. 
thick. We are informed that a die of this material was 


used to produce 300 shapings of 1-5 mm. thick metal 
sheets without any noticeable wear of the die. 





The Corrosion of Metals* 
By OLIVER P. WATTS? 


Or the several theories advanced regarding the 
mechanism of the corrosion of metals the Electro- 
chemical Theory is the sole survivor. Briefly stated, 
this is that corrosion is electro-chemical in nature. 
To be more specific than this leads to controversy 
among those who accept this broad, general 
statement. 

Many adherents of the electro-chemical theory of 
corrosion hold that for a metal to corrode in any 
electrolyte, either there must be a difference in 
potential between points on its surface, or there must 
be in contact with the metal and electrolyte some more 
noble electrical conductor, so that the metal shall 
constitute the anodic member of a galvanic cell. 
Others believe that the existence of a galvanic cell 
is not a necessary prerequisite to corrosion. 


FarapDAy’s Law IN CORROSION 


In its field, the relation between flow of current 
in electrolytes and the amount of accompanying 
chemical change, Faraday’s law appears to be as 
inviolable as is the law of gravitation in the physical 
world. For application to corrosion Faraday’s 
law may be stated as follows :— 


“The total of chemical change at the anode, where 
metals ordinarily enter solution, equals that at the 
cathode, and at each electrode is proportional to the 
current, to the time, and to the chemical equivalents 
of the substances concerned.” 

The chemical changes which occur at cathodes as 
a result of passage of current are: (a) Reduction 
in valence of some metal already in solution, e.g., 
the reduction of a ferric to a ferrous salt ; (6) deposi- 
tion of a metal, and (c) deposition of hydrogen. A 
metal can corrode, then, only when accompanied 
by one, two, or all three of these cathodic changes, 
the total of which must be chemically equivalent to 
the amount of metal that corrodes. 

The Electrical Double Layer and the Charge on 
Electrodes.—To account for the failure of metals of 
relatively high potential, such as zine and iron, to 
dissolve rapidly and continuously in all electrolytes 
with which they form soluble compounds, the 
electrical double layer was conceived. 

Concerning this A. J. Allmand! says: “‘ If we con- 
sider zinc in zine sulphate, the first action is certainly 
the passage of positively charged zinc ions into solu- 
tion leaving behind an equal number of negative 
charges on the metal. But this action ceases prac- 
tically instantaneously, owing to the very powerful 
electrostatic action set up between the separated 
positive and negative charges, preventing further 
separation. The electrical double layer hinders 
any further formation or discharge of ions.” Similar 
statements are made in other text-books on electro- 
chemistry.” 

The hypothesis of an electrical double layer is 
in direct conflict with Faraday’s law, which requires 
that, except for such unusual electrolytes as ferric 
chloride, all passage of metal ions into solution be 
accompanied by displacement on the metal or on 
another electrical conductor in contact with it, of 
cations chemically equivalent to the amount of 
metal dissolved. Hence there can be no electrical 
charge on the metal and no electrical double layer. 


TyYPEs OF CORROSION 


From Faraday’s law the author derives four types 
of corrosion : 

I. Corrosion by reduction in valence of some 
metal already in solution, without displacement of 
any cations from the electrolyte, e.g., the corrosion 
of copper and iron in a solution of ferric chloride. 

II. Corrosion by displacement of a metal, e.g., 
the corrosion of iron by a solution of copper sulphate. 

Ill. Corrosion by visible displacement of 
hydrogen, ¢.g., the corrosion of commercial zinc or 
iron in dilute sulphuric acid. 

IV. Corrosion by oxygen 
copper in dilute sulphuric acid. 

Every case of corrosion of a metal is the result of 
chemical changes of one or more of these types. In 
corrosion of type IV the potential of the metal is 
less than the discharge potential of hydrogen on 
it. Metal begins to corrode when placed in the 
electrolyte, by displacing its equivalent in hydrogen, 
but before enough hydrogen for visibility has been 
deposited, the rising polarisation (opposition to 
further deposition of hydrogen) equals the potential 
of the metal, and corrosion must cease until some of 
the polarising hydrogen is removed from the metal 
surface. This is accomplished by its combination 
with oxygen from the air dissolved in the electrolyte. 
The metal therefore continues to corrode at a rate 
just sufficient to replace the hydrogen so removed. 


depolarisation, ¢.g., 


THE ELEcTRO-CHEMICAL SERIES 


When iron is immersed for a few seconds in a 
solution of copper sulphate a coat of copper is formed 
on the iron. This effect is caused by corrosion of 
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type LI, similar to the action of sulphuric acid, 
except that a metal instead of hydrogen is displaced 
from solution by the corroding metal. From solutions 
of the sulphates of zinc and sodium, however, no 
metal is deposited on iron. By testing the common 
metals each in solutions of salts of the others, it is 
possible to arrange the metals in order of their dis- 
placing power, thus forming an electro-chemical 
series. Measurement of the potentials of the metals 
not only gives the order in an electro-chemical series, 
but also tells whether neighbouring metals in the 
series are close together or differ considerably in 
activity and displacing power. Table I gives the 


Tasie I.—Potentials of Metals and Discharge Potential of 
Hydrogen on Them 




















Sat. cal.= — 00-5266. Hydrogen 
N. H,SO,. | electrode=0-0. 
Potential] D.P. of | Mil. Potential) D.P. of 
hyd. | amp. hyd. 
-0-5604| 0-5800| 0-50) Zine, amalg. |—0-8384|—0-858 
0-036 0-052 | 0-25) Tin, rough —0-914 0-320 
0-056 0-054 | 0-30) Tin, smooth - 0-222 0-332 
0-010 | Spont. | 0-0 |(s) Iron, rough ~ 0-268 - 
0-031 0-022 | 2-50)(s) Lron, smooth ~0-247 0-257 
0-217 0-139 | 1-3 |(s) Nickel, rough -0-060 0-139 
— 0-244 -0-149 1-6 |(s) Nickel 0-034 0-129 
0-417 |—0-023 | 1-5 |(s) Copper 0-137 | 0-301 
0-469 0-022 | 1-0 |(s) Copper, rough +O-191 | 0-256 
0-433 |-{-0-114 | 2-5 Antimony, | | 0-155 0-392 
rough | 
0-449 |+0-171 | 1-5 Antimony | |-O-171 0-449 
0-491 |+0-152 | 0-4 Bismuth + 0-213 0-430 
0-505 |+0-001 | 0-4 Gold + 0-227 0-279 
0-528 |+0-021 | 1-3 Arsenic, rough | 4-0-2651 0-299 
0-536 |+.0-083 | 0-3 Arsenic + 0-258 0-361 
0-525 |+0-017 | 0-5 Silver, rough + 0-247 0-295 
0-566 |+0-022 | 0-5 Silver +0-247 | 0-300 
1-153 |—0-195 | 3-5 |(s) Platinum | O-875 0-083 
+ 0-388 | 0-5 Lead 0-666 
0-393 | 0-5 | Lead, rough 0-671 
N. Na,SO,g. 
0-556 |+1-170 | 0-3 Zine 0-8339|— 1-295 
0-556 | +0-946 | 0-3 Zine, rough —0- 834 |—1-224 
0-535 |+1-240 | 0-4 Zinc, amalg. —0-813 1-518 
0-285 |+0-722 | 0-25; Cadmium, 0-563 1-00 
| rough 
0-231 0-886 | 0-25, Cadmium 0-509 1-165 
0-164 0-569 | 0-7 [ron, rough -—- 0-442 | 0-842 
0-1456) 0-571 | 0-5 [ron 0-424 | 0-849 
-+-0-063 |-+ 0-830 | 0-3 Lead, rough 0-3416) 1-108 
+0-056 |+0-948 | 0-25) Lead —0-342 | 1-222 
— 0-053 |+0-634 | 0-5 Chromium, 0-225 | 0-912 
rough | 
0-038 |+-0-685 | 0-25 Chromium 0-240 | 0-963 
0-093 |+0-744 | 0-3 Tin, rough -0-185 1-022 
0-174 |+0-893 | 0-3 Tin ~0-104 1-17) 
0-215 |+ 0-848 | 1-0 Antimony — 0-063 1-126 
0-227 |+0-849 | 0-6 Antim’y, rough| — 9-051 1-127 
0-317 |+0-535 | 0-5 |(s) Nickel, rough 0-039 | 0-813 
0-3922)+ 0-604 | 0-5 |(s) Nickel +O-114 0-884 
0-346 |+0-798 | 1-5 Arsenic, rough |+0-069 | 1-076 
0-408 |+-0-877 | 0-3 | Bismuth +0-120 1-155 
0-501 |+0-620 | 1-5 I) Copper, rough | +0-223 | 0-898 
0-504 |+0-694 | 1-5 |(s) Copper | + 0-226 0-922 
0-510 |+0-790 | 0-4 | Silver, rough |+0-232 | 1-068 
0-549 |+-0-803 | 0-6 | Silver + 0-271 1-081 
0-514 |+0-612 | 0-25) Gold, rough +-0-236 9-890 
0-544 |+0-696 | 0-8 Gold + 0-266 |- 9-974 
0-832 |+0-471 | 0-25)/(s) Platinum 3 0-554 1-310? 








All electrodes are 1 cm. square puaee on copper, except for 
those marked (s), which are solid metal. Pt.=anode, 1 cm. 
distant. 

Data of R. W. Rummele and J. T. Sabota, Ch.E. 122, June, 
1932. 
potentials of the common metals for representative 
acid and neutral electrolytes together with the 
discharge potential of hydrogen on the metal] from 
the same electrolyte. 

To accommodate those who prefer the negative 
sign before the potentials of the more active metals, 
this arrangement has been included, although not 
used in this text. The relative positions in the electro- 
chemical series of the metal electrode and the metal 
of the electrolyte is the controlling factor in corrosion 
of type II. The electro-chemical series as usually 
given contains a potential for hydrogen, but this 
cannot be used, like the potential of a metal, to 
predict what metals will corrode in particular electro- 
lytes by displacement of hydrogen gas, because the 
potential required for evolution of hydrogen varies 
with the metal used as cathode. Only when the 
potential of the metal exceeds the discharge potential 
of hydrogen on that metal, on impurities contained 
in the metal, or on another metal in contact with the 
first metal, is there corrosion of type III. 

The Discharge Potential. of Hydrogen.—In the 
electro-chemical series of the metals a value for the 
“ notential of hydrogen,” an insulating gas, is usually 
included. This is the minimum potential needed 
for evolution of hydrogen on a platinised-platinum 
cathode from a solution normal in hydrogen ions. 
To evolve hydrogen as visible gas on cathodes of 
other metals requires a higher (less noble) potential 
of the cathode than when this consists of platinised- 
platinum. The increase in potential required for 
discharge of hydrogen on a particular metal above 
that necessary for its evolution on platinised- 
platinum is termed the over-voltage of hydrogen on 
that metal. 

In order to predict from a table of over-voltages 
whether or not a particular metal will undergo 
corrosion of type III in dilute sulphuric acid, for 
example, it is necessary to compute the “ discharge 
potential of hydrogen,” by adding to the “ potential 
of hydrogen” the over-voltage of hydrogen for that 
metal and electrolyte. The problem is simplified 
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by measuring directly the discharge potential of 
hydrogen on the metals themselves, %.¢., the lowest 
potential of the cathode at which hydrogen is visibly 
and steadily evolved on the metal. 

Applications of the Electro-chemical Series.—It is 
sometimes thought that from the electro-chemical 
series a prediction can be made regarding the relative 
durability or corrodibility of metals. The electro- 
chemical series gives merely the relative tendencies 
of metals to cerrode in the particular electrolytes 
in which the potentials were measured. Other 
factors may be more powerful than potential in 
determining whether or not serious corrosion of a 
metal will occur. 

From the electro-chemical series alone one might 
infer that lead is always more corrodible than copper. 
In sulphuric acid, however, the insolubility of lead 
sulphate renders lead far more durable than copper. 
Substitution of copper for the “lead chambers ”’ 
used in the manufacture of sulphuric acid would 
result in their prompt destruction. 

The extraction of gold by the cyanide process— 
treatment of the finally pulverised ore with a dilute 
solution cf sodium cyanide—is possible because of 
the high potential of gold in cyanide solutions. 
The dissolving of gold in cyanide solutions, like the 
corrosion of metals in sodium salts in general, is 
of type IV, hence a depolarising agent is necessary. 
This is usually supplied by blowing air through the 
solution containing the finely ground ore in suspension. 
Recovery of the gold from its solution in cyanide by 
the action of metallic zine is merely a case of corrosion 
of type II, displacement of gold from solution by 
corrosion of the more active zinc. 


CoRROSION BY REDUCTION 
THE 


CORROSION OF TyPE I: 
IN VALENCE OF A METAL ALREADY IN 
ELECTROLYTE 


Corrosion of type I is of rare occurrence for two 
reasons: First, solutions of ferric salts are the only 
corrosive agents likely to be encountered which 
produce this type of corrosion, and these are rarely 
met industrially ; second, this type of corrosion is 
so destructive upon the common metals that it cannot 
be suffered to proceed, and the conditions producing 
it are remedied promptly. 

In corrosion by reduction in valence of a metal 
already in solution, does reduction in valence take 
place only at the cathodic member of galvanic couples, 
or does it occur at the anodic member also, with 
added corrosion of the anode equivalent to this 
reduction ? 

In a solution of ferric sulphate, 50 grammes per 
litre, with 10 grammes of citric acid added to prevent 
film formation on the iron, with methyl aniline as 
an inhibitor to prevent any corrosion of type III, 
separate electrodes, 3cm. by 2-5cm. lost in six 
hours—iron 0-193 grammes, copper 0-180 grammes. 
Corrosion of the copper is chemically equivalent to 
0-160 grammes of iron, assuming both metals to be 
divalent. In the same electrolyte with the iron and 
copper electrodes connected, in six hours iron lost 
0-303 grammes, copper 0-0003 grammes. Contact 
with iron affords practically complete protection 
to copper against corrosion of type I. Corrosion of 
hydrogen by ferric sulphate is evidently a reaction 
which takes place at the copper surface in preference 
to corrosion of copper. 

A new electrolyte was made-up, containing per 
litre, 100 grammes ferric chloride and 100 cubic 
centimetres of concentrated sulphuric acid. In 
this the surfaces of anodic and of cathodic metal 
were varied by connecting additional strips of copper 
or platinum. At an electrode spacing of 1 em. the 
losses in seventy-five minutes were : 











Cu. Cu-Cu. Cu-Pt. Pt-Cu-Pt. Cu-Pt-Cu. 
0-267 g. 0-541 ... 0-506 ... 0-527 ... 0-665 
0-288... 0-561 0-512 0-676 0-684 
0-268 ... 0-534 0-486 — -—— 
0-297 ... — 0-442 — — 
0-280... 0-544 0-487 0-600 0-679 


Enlarging the metal surface by addition of copper 
increased corrosion more than did the same increase 
in surface by contact with platinum and the formation 
thereby of a galvanic couple ! 

The rate of corrosion per square centimetre falls 
off as the metal surface is increased. This is to be 
expected when the volume of electrolyte is not 
enormously great in comparison with the total metal 
surface, because of exhaustion of the depolariser 
as corrosion and depolarisation proceed. About 10 
per cent. of the depolariser in a batch of electrolyte 
was destroyed during a test. 


Corrosion oF TypE II: CorROSION BY 
DISPLACEMENT OF A METAL 


When zinc is immersed momentarily in a solution 
of nickel sulphate a dark, poorly adherent film of 
nickel is deposited on the zinc. If iron or steel is 
immersed for a few seconds in a dilute solution of 
copper sulphate the metal is coated with copper. 
Platers refer to this as “plating by immersion.” 
The action is corrosion of type II, the displacement 
of a metal from solution by the corrosion of a more 
active metal. If the process is allowed to continue 
for a considerable time, exposed portions of the metal 
underlying the deposit are corroded and the resulting 
plate-is easily rubbed off, even if it does not become 
detached by the corrosion process itself. If allowed 





to continue, the original metal may be completely 
destroyed. 

Ifallcompounds which a metal is capable of forming 
with the electrolyte are soluble, the electro-chemical 
series affords a good basis for predicting whether 
or not rapid corrosion of that metal will result ftom 
continued immersion of the metal in solutions of the 
salts of other metals. 

Many years ago, when the science of electro- 
chemistry was young, and information concerning 
things electro-chemical had to be obtained mainly 
by personal experience, a young instructor in electro- 
chemistry acquired several new tanks of enamelled 
cast iron for holding electro-plating solutions. 
After making up, filtering, and transferring to the 
new tanks 25-gallon lots of solutions of nickel 
sulphate, acidified copper sulphate, and cyanide 
copper, he went home, well pleased with the day’s 
work. Next morning it was a different story ! During 
the night the copper sulphate solution had corroded 
holes through the tank, had leaked through the 
floor and dripped on the steam engine below, which 
was streaked and splashed with copper by corrosion 
of type II, displacement of copper from solution by 
iron. The original tanks are still in use for the 
nickel and cyanide copper solutions after forty years 
of service. In cyanide solutions iron is less active, 
more noble, than copper, and hence cannot corrode 
by displacement of copper from that electrolyte, 
as it does in solutions of copper sulphate and chloride. 

“Copper Tends to Deposit from Solution.”’—The 
opinion is frequently expressed that copper, silver, 
and other metals toward the platinum end of the 
electro-chemical series have an inherent tendency 
to deposit from solutions of their salts. 

“The case is different with a copper strip in a 
solution of copper sulphate. The solution pressure 
of the copper does not overcome the osmotic pressure 
of the copper ions, for the reason that the latter is 
the larger; this causes the copper ions to plate 
out on the electrode and give the copper a positive 
charge with respect to the solution.’’* 

“When a metal with a very low electrolytic 
solution pressure, such as silver or copper, is placed 
in a solution of its ions, the osmotic pressure, which 
is very much greater than the electrolytic solution 
pressure, causes some of the ions to deposit on the 
metal, thereby giving it a positive charge.’ 

In attempts to verify these statements concerning 
this tendency for copper to deposit, the immersed 
sheet of copper lost weight, instead of gaining. A 
sheet of copper of 12-5 square centimetres total 
surface was immersed in 100 cubic centimetres of 
normal copper sulphate solution with 33 square 
centimetres of liquid surface exposed to the air. In 
thirty days the copper had lost 51-5 mg., in spite 
of the alleged tendency for copper to deposit from 
solution. To 150 cubie centimetres of the above 
electrolyte 6 grammes of citric acid was added to 
prevent formation of the film which covered the 
copper at the close of the previous experiment. 
In thirty-two days a sheet of copper lin. square 
lost 144 mg. in this electrolyte. 

Eleven years ago pieces of polished copper wire 
were sealed in de-aerated normal sulphuric acid ; 
to-day the copper retains its original polish and the 
acid is still colourless. One tube was left unsealed. 
The wire in this has completely disappeared, the 
liquid has evaporated, and only a pale blue salt of 
copper remains. A tiny crack appeared in the glass 
seal of another tube. The liquid in this is now a 
deep blue, the wire is badly correded, and crystals 
of copper sulphate have formed in the bottom of the 
tube. The crack was too tiny to permit appreciable 
evaporation of water, but admitted enough air to 
produce considerable corrosion. 

Four strips of copper, 5em. by 1 cm., completely 
polished, except that two specimens were roughened 
by fine emery paper on one side, were sealed in air- 
free normal copper sulphate solution for a year. 
The original weights checked within 0-1 mg. and 
0-2mg. From this it is inferred that neither corrosion 
nor deposition of copper takes place in normal 
copper sulphate solution in the absence of free 
oxygen. 

Thinking that removal of depolarising oxygen 
and provision of a platinum surface for reception 
of copper might reveal this “‘ tendency for copper to 
deposit,” a short platinum wire was clamped to a 
sheet of copper, and the combination sealed in air-free, 
normal copper sulphate solution. In a second experi- 
ment the solution was slightly acidified by sulphuric 
acid. No deposit of copper has appeared on either 
platinum wire in three months. 

The explanation for this failure of the copper to 
deposit from solution, even on platinum, is found in 
Faraday’s law, which is as inviolable for deposition 
of metals from solution as for their corrosion. Metals 
cannot “just step out of solution,” but their with- 
drawal must be accompanied by one or more anodic 
changes, with a total strictly equivalent to the amount 
of metal deposited from solution. 


CorROSION OF TypPE III: CoRROSION By VISIBLE 
DISPLACEMENT OF HyDROGEN GAS 


It is by inciting this type of corrosion that 
impurities in a metal or contact with another metal 





3 C. J. Brockmann, Prin. of Electro-chemistry, page, 21, 1931. 
4 Creighton and Fink, Electro-chemistry, Vol. I, page 172, 1924. 





is most likely to do damage. Whenever the potential] 
of a metal exceeds the discharge potential of hydrogen 
on itself, on any impurities in it, or on another 
metal or electrical conductor in contact with it, 
corrosion of type III will occur. The rate of corrosion 
generally increases with the concentration of acids, 
except that for very high concentrations of sulphuric 
acid, for example, diminished solubility of the salt 
formed may have a restraining effect. Rise of tem- 
perature usually increases corrosion. 

It is evident that impurities having a very low dis- 
charge potential of hydrogen, and contact with 
another metal of low discharge potential may add to 
corrosion of type IV the far more rapid type III. 
Corrosion of this type is generally so rapid that it 
cannot be allowed to proceed for long. 

Inhibitors.—Sulphuric acid is extensively used 
in the pickling of iron and steel to remove the coat 
of scale usually present on the metal as received 
from the steel mills. In this process there is con- 
siderable dissolving of the metal itself as well as 
of the scale. It has been found that the addition 
of many substances to the acid lessens the evolution 
of hydrogen, with little or no diminution in the rate 
of removal of the scale. Several of these “ inhibitors ” 
of corrosion are offered for sale, and are extensively 
used in pickling steel on a large scale. Their use 
results in a smoother metal surface and a saving in 
acid. It has been found® that many inhibitors act 
by raising the discharge potential of hydrogen to 
equal, and even to exceed the potential of iron, 
thereby greatly reducing the usual rapid evolution 
of hydrogen and consumption of acid. On the corro- 
sion of iron in sodium chloride solution the same 
inhibitors had no beneficial effect. Since the dis- 
charge potential of hydrogen on iron from sodium 
chloride solutions is greater than the potential of 
iron, the above result was anticipated. 

The Magical Effect of Amalgamating Zinc.—The 
rapid attack of commercial zinc by dilute acids is 
well known. In the days when the galvanic cell was 
the only practical source of electric current, the anode 
universally used was zinc. For several reasons it 
was often desirable to use sulphuric acid as electrolyte 
in some cells, but that portion of the hydrogen which 
was evolved from the zinc itself represented loss of 
zine and acid, without production of usable current. 
It was discovered that amalgamating the zinc largely 
prevented displacement of hydrogen on the zinc, 
and amalgamation of zinc for use in acid electrolytes 
was generally adopted. 

Concerning amalgamation H. S. Carhart® says : 
“Local action is always prominent with commercial 
zinc in acid solution. The zinc contains foreign 
particles, such as bits of iron, carbon, and other 
conducting bodies ; as soon as these are exposed to 
the liquid, they form closed local circuits, and zinc 
is eaten away in patches or pits. To prevent this 
wasteful action the zinc is amalgamated. The action 
of the amalgam appears to be to bring to the surface 
pure zinc ; the wasteful action due to local currents 
is avoided.” 

It is not the production of a uniform surface, 
per se, that hinders the corrosion of amalgamated 
zinc in diluie acids, but the rise in discharge potential 
of hydrogen caused by amalgamation. The discharge 
potential of hydrogen on mercury is higher than on 
any other metal, i.e., a greater driving force is required 
to evolve hydrogen from mercury than from any other 
metal. Amalgamating other metals produces a 
similar rise in the discharge potential of hydrogen 
on them, so that active metals like zinc and cadmium 
are unable to evolve hydrogen on their amalgamated 
surfaces even from dilute acids, and after amalgama- 
tion their corrosion can continue only by the relatively 
slow process of oxygen depolarisation. 

Arsenic Inhibits Corrosion of a Pipe Line to a 
Copper Blast-furnace.—In 1905 an unusual case of 
corrosion occurred in the pipe line and water jackets 
of a copper blast-furnace at Cananea, Mexico. 
“The main part of the trouble occurred in the long 
pipe lines which extended from the water-cooling 
tower to the jackets. There was also trouble in the 
jackets. The trouble at one time assumed such pro- 
portions that it became very difficult indeed to keep 
the pipe lines and jackets in sufficiently good repair 
for steady operation, and many expedients were 
tried in the attempts to discover a remedy.... We 
then tried crude sodium carbonate, such as we had 
been using to prevent scale in the boilers, which 
gave better results than the lime, but was still far 
from satisfactory. Large slabs of zinc were also 
connected up in various places, especially in the 
large overflow tank, in the attempt to counteract 
electrolysis. We finally determined the primary 
cause of the acid in the water to be absorption of 
fumes of SO, by the sprayed water in the cooling 
tower, which was situated on the leeward side of 
the smelter with respect to the prevailing winds, 
and on top of a hill nearly on a level with the top 
of the furnace building. The SO, gas in the smelter 
fumes blowing through the cooling tower was dis- 
solved by the falling water and slowly became 
oxidised, and eventually formed a dilute solution 
of sulphur ic acid. 

““ While working hardest to correct the difficulty, 
which threatened to be most serious, I read an article 





5 Ph.D. thesis of A. M. Max, University of Wisconsin, 1937. 
6 ‘“* Primary Batteries,” page 33, 1891. 
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which mentioned the effect of arsenic salts in deterring 
the solubility of iron and steel in acid solutions. I 
proceeded to ‘doctor’ the water system with com- 
mercial arsenic oxide. The good effect of this addition 
was felt very quickly, and the corrosion was prac- 
tically ended.’’? 

The action of arsenic here is similar to that pro- 
duced on the corrosion of commercial zine in dilute 
sulphuric acid by addition to the acid of a soluble 
mercury salt. The zinc, by corrosion of type II, 
displaces a film of mercury on itself, i.e., the zine 
becomes amalgamated, and on amalgamated zine 
the potential of zine is not great enough to evolve 
hydrogen as gas. Similarly, the iron corrodes and 
displaces a film of arsenic all over itself. The dis- 
charge potential of hydrogen on arsenic from dilute 
sulphuric acid exceeds the potential of iron by 
0-05 volt, so that corrosion of type IIT cannot con- 
tinue, and the iron can now corrodé only by the 
relatively slow process of oxygen depolarisation. 

Passivity.—“ Passivity is the property exhibited 
by some metals whereby they become abnormally 
inactive toward certain chemical reagents.”® In 
certain solutions which are highly corrosive to many 
metals iron and steel are completely unattacked. 
Copper and silver are far more resistant to attack 
by most solutions and to atmospheric corrosion than 
is iron, but concentrated nitric acid, which attacks 
copper and silver violently, fails to corrode iron. The 
iron is said to be rendered passive by the acid. The 
dissolving of a little sodium nitrite in the acid, thereby 
forming nitrous acid, ensures instant immunity 
of the iron to corrosion ; even corrosion by oxygen 
depolarisation is suppressed. Addition of a chloride 
to the acid destroys passivity and induces rapid 
corrosion. If copper nitrate is dissolved in the nitric 
acid, the corrosion of iron by displacement of copper, 
which usually occurs when iron is immersed in solu- 
tions of copper salts, does not take place. It is 
believed that passivity is due to an extremely thin 
film of oxide over the iron. Unfortunately for com- 
mercial utilisation of this simple and effective method 
of rendering iron immune to corrosion, the passivity 
of iron is lost in a few minutes after its removal 
from the solution which induced it. Inhibitors 
and amalgamation exercise their control over corro- 
sion at the cathode. Passivity acts on the anodic 
end of the corrosion reaction. 

(To be continued) 








South African Engineering Notes 
(By our South African Correspondent.) 
Care Town, July 24th. 


Brakpan’s New Sewage Disposal Plant 


BRAKPAN’S sewerage scheme, which is esti- 
mated to cost £250,000, is now well advanced. The 
new sewage disposal plant, erected at a cost of 
£30,000, is practically complete, but it is anticipated 
that a further two years will be required for the com- 
pletion of all the main sewers in the suburbs. The 
work has been carried out departmentally, with the 
exception of the pumpsand sprinklers, which were in- 
stalled by the contractors. Ample provision for future 
expansion has been made, the lay-out of the plant 
and equipment being designed with a view to uniform 
and economical extension. A policy of duplication 
has been followed throughout. The plant has been 
designed to take a normal flow of a million gallons a 
day, and could cope with a 50 per cent. increase if 
required. With the exception of portions of the two 
new townships, which will be served by small pump- 
ing stations, the whole scheme is designed for gravita- 
tion. The main outfall sewer consists of 24in. dia- 
meter Hume concrete pipes, while the majority of 
the branch sewers are of salt-glazed earthenware 
pipes, varying from 6in. to 18in. in diameter. As 
the sewage reaches the screens, it passes through 
detritus channels, the rate of flow being slowed down 
to about lft. per minute, and thereafter it flows into 
two enclosed sedimentation tanks. On account of 
the height of these tanks, which measure almost 40ft. 
from the bottom of the cone to the roof, it was 
necessary to devise a system of self-supporting struts 
to carry the shuttering for the roofs. The sedi- 
mentation tanks are all 30ft. in diameter ; the depth 
of liquid in them is 28ft., and the bellmouth ends of 
the 18in. diameter wrought iron concrete-lined 
delivery pipes are upturned. Disturbance of the 
surface is prevented by steel baffles, 18ft. by 16ft., 
and reinforced concrete beams, which carry the pipes. 
The effluent flows over a weir and through channels 
and sumps situated in the main building, whence it 
is pumped to open primary filters, 75ft. in diameter, 
fitted with Adams rotary sprinklers, and gravitates 
out through a central enclosed discharge pipe to the 
humus tanks. From the humus tanks the effluent 
is led to the secondary filters, of which there are five. 
They consist of open sand filters, 100ft. by 50ft. in 
size, from which a very fine liquid is discharged to 
the V.F.P. pan, there to be picked up and utilised 
by the V.F.P. for cooling purposes. 

The sludge from the sedimentation tanks is dis- 





7 “ Corrosion of Iron and Steel,” A. 8. Cushman, page 296. 
8 F. N. Speller, “‘ Corrosion,” page 190. 


charged by hydraulic head to a central control man- 
hole situated between the four humus and sedimenta- 
tion tanks, and runs out through 6in. concrete encased 
earthenware pipes to the sludge sump under the main 
building. From the macerating pumps situated in 
the building it is brought to two 40ft. diameter 
digesters. A seeding pipe connects the digesters 
with the outfall sewer, while the main discharge 
leads to the drying beds, of which six have so far been 
completed, though provision has been made for 
twelve. The liquid which drains off the sludge goes 
back to the sedimentation tanks, and the dried sludge 
will be used as fertiliser. In laying out the plant the 
policy has been to centralise all the controls as far as 
possible and group different sets of controls at the 
same point. 

Difficulty was experienced in the construction of 
the tanks on account of the nature of the ground, pot 
clay being encountered on the surface and below it 
solid rock. Excavations were a lengthy proceeding, 
and measures had frequently to be adopted to over- 
come the tendency of the ground to cave in, and to 
deal with the water which was encountered. All the 
detritus channels inside the building have been 
decked over, while the screens are covered by a slid- 
ing steel platform running on ball bearings, which, 
when open, disappears beneath the concrete decking 
over the detritus channels. A chute leads from the 
screens down to the sludge sump, the general arrange- 
ment of the screens and screen chamber permitting 
of cleaning with a minimum of effort. A very power- 
ful fan draws a constant stream of fresh air through 
the works and provision has been made for ozonisa- 
tion should it ever prove necessary. On the ground 
floor of the building an elaborately equipped labo- 
ratory has been installed. The effluent is handled by 
four Gwynne’s centrifugal pumps of the horizontal 
spindle type, each driven by a Lancashire Dynamo 
and Crypto, Ltd., 15 B.H.P., three-phase, 380-volt 
slip-ring induction motor. Two horizontal spindle 
Stereophagus pumps, manufactured by Pulsometer 
Engineering Company, deal with the sludge. They 
are driven by 20 B.H.P., three-phase, 380-volt 
Lancashire Dynamo and Crypto motors. The piping 
lay-out has been so designed that it is possible to 
draw water from either sump with any one of 
the four pumps, or any combination thereof, 
provision thus being made for maintenance work 
being carried out without upsetting the routine of the 
plant. Each effluent pump is fitted with both hand 
control and float-operated automatic switches. Any 
possible blockage of the intakes of the sludge pumps 
can be cleared by means of strong jets of water, 
dischargeable into the inlets. In order that different 
circulation may be obtained to meet varying con- 
ditions, several by-passes are installed. 


Big Dam Opened in Rhodesia 

In the Fort Victoria district of Southern 
Rhodesia a great new dam—the Umshandige—was 
opened by the Minister of Agriculture on July 15th. 
The reservoir will hold 8,000,000,000 gallons of water 
when full and will irrigate twenty-one farms. The 
wall is 108ft. above the original water level of the 
river and cost £100,000 to build. The main canal 
from the dam is 27 miles long and ends in a storage 
in the native reserve, where surplus water can be 
used for watering stock. Already four farms are 
under irrigation and the rest of the land is ready to 
be taken up. The cost of water is a halfpenny a 
1000 gallons, or, in the words of the Director of 
Irrigation, ‘ Twelve inches of rain for ten shillings 
an acre as and when you want it.” The question of 
getting British settlers or settlers from Northern 
Europe is being gone into. 


Cape Town’s New Harbour 

The quayage in Table Bay’s new harbour is 
stretching further across the bay each week. By the 
end of last month it exceeded 1885ft. Foundations 
under the water stretched more than 2,050ft. under 
E, F, and G quays. The actual quayage to cope level 
is now more than 1575ft. in length. About 2500 
blocks are being removed from the random block mole 
every month, and about 420 sheet piles are being 
driven in the new mole monthly. Cape Town may 
soon take the head as the world’s premier oiling port. 
Already it is in the lead in the southern hemisphere. 
The port’s oil trade is now rivalling that of Curacao, 
the Dutch West Indies, which probably has a bigger 
trade in bunker oil than any other in the world. 
Official returns of the amount of oil bunkered by 
ships in Table Bay for the first five months of this 
year indicate the enormous improvement in the 
bunkering business of the port. Compared with 
91,000 tons shipped during the corresponding period 
of last year, 116,000 tons were shipped by vessels 
this year and there is every indication of a still 
greater improvement for the coming months. No 
fewer than sixty ships have ordered bunker supplies 
between now and the end of August. Figures just 
compiled reveal that the port’s bunker trade is already 
worth £300,000 a year. It may be nearer £400,000 
in another six months. 


New Tugs for the Union 
The harbour tug “T. H. Watermeyer ” 
(600 tons) was launched at Glasgow on July 12th and 
will leave for East London in October. The tug is the 





seventh built to the order of the South African Rail- 





ways and Harbours Administration during the past 
three years at a total cost of £750,000. A sister tug, 
the “‘ Schermbrucker,” is due to sail for South Africa 
next month. Details of the ‘‘ Theoder Woker,” one 
of two powerful tugs which A. and J. Inglis, the 
Glasgow shipbuilders, have recently launched for the 
Union Government, are now available. Constructed 
under special survey and in excess of the require- 
ments for Lloyd’s Register’s highest class, the vessel 
is 145ft. in length between perpendiculars, 33ft. in 
moulded breadth, 17ft. in moulded depth, and of 
600 tons gross. Five water-tight bulkheads are 
fitted and there are a double bottom and deep tanks 
for fresh water, boiler feed water and water ballast. 
The vessel has been specially designed and fitted for 
deep-sea towing and fire and salvage work, and for 
these purposes her equipment includes shock absorb- 
ing towing hooks, a powerful windlass, a deck winch, 
and fire and salvage appliances. Steam steering gear 
is fitted and the rudder is of the Oertz type. The 
propelling machinery will consist of two sets of triple- 
expansion engines and four Scotch boilers, designed 
to develop about 2500 I.H.P. It is being supplied 
by Lobnitz and Co., Ltd., Renfrew. 


Shipbuilding at Durban 

Durban has become a shipbuilding centre of 
the Union. The size of the craft is not large, and the 
deep-sea pleasure cruiser ‘* Voortrekker,’’ launched 
in June, is the biggest built so far. Built by Mr. F. 
Nichols to the order of Mr. R. A. Hastings, Govern- 
ment ferry contractor, the vessel is 69ft. long, with 
a 15ft. beam and 4ft. 6in. draught. She is equipped 
with two 300 H.P. oil engines, giving a speed of 
15 knots, and her total weight is about 17 tons, the 
Jarrah keel and stempost alone accounting for 2 tons. 
As deep-sea fishing trips are to be a feature, the 
‘* Voortrekker * has been given ample deck space, so 
that there is plenty of clearance for anglers. The 
wheel house is placed well forward, and there are 
three cabins. The building of coasting craft is likely 
to be undertaken. The Durban graving dock at 
Congella has recently accommodated the largest 
vessel since its opening by the Prince of Wales in 
1925. This was the Union-Castle Line’s 17,000-ton 
intermediate motorship ‘‘ Pretoria Castle,’’ which had 
the misfortune to damage her keel, rudder, and two 
propeller blades while leaving Lourengo Marques on 
the return half of her maiden voyage. The largest 
vessel hitherto handled locally was of 10,000 tons. 
The refrigerating motorship “ Roslin Castle’? was 
in dock when the ‘“ Pretoria Castle” arrived there, 
and was fortunately carrying suitable spare blades, 
and repairs were quickly carried out in a few days. 


German Tenders Rejected 

Some weeks back the Union Secretary for 
External Affairs, Dr. H. D. J. Bodenstein, asked the 
Cape Town City Council whether it would acquaint 
him with the reasons that had prompted the Council 
to reject certain German tenders for the supply of 
cables and copper wire in favour of British and 
Dutch tenders, which were considerably higher. Dr. 
Bodenstein wrote that the German Minister Pleni- 
potentiary had “lodged” a complaint against the 
rejection of the German tenders. Dr. Bodenstein’s 
question caused great indignation to Town Councils 
throughout the Union. The ordering of goods 
required by towns is a matter entirely for the town 
concerned, and this is definitely laid down. The City 
Council of Cape Town, in reply to the letter, wrote 
declining to give the information asked for, and the 
result of the German Minister’s inquiry has been 
to cause other Town Councils in the Union and 
Rhodesia to decline German tenders. It has always 
been the custom to give British firms 10 per cent. 
preference in the case of tenders, but there is no 
doubt that, as against German goods, a much larger 
preference is now being given. The attitude of 
Union Town Councils in the matter has been put very 
plainly by a number of Councillors, who say they 
object to buying German goods “ because it means 
supplying a country likely to make war against the 
Empire with money to enable her to pile up arma- 
ments.”’ 


British Rails for the Union 

Advices are to hand from London that the 
South African Railways have just placed the largest 
order for steel rails for some years. The order is for 
66,000 tons of steel rails, valued at £601,000. The 
Steel Cartel has divided the order among nine United 
Kingdom firms supplying 37,000 tons at a cost of 
£318,250, and two Canadian firms supplying 29,000 
tons at a cost of £282,750. The rails will be carried 
by British ships, and, with freight added, the total 
value of the order will be about £700,000. 








A New Type or Surp’s Stern.—In the construction 
of the 12,500-ton motor tanker ‘‘ Nike,” the Gotaverken 
shipyard of Gothenburg has included a new type of under- 
water portion at the stern. This design permits access 
from the inside to the sternpost, rudder stock, rudder, 
and a sternbox which replaces the shaft tunnel. The new 
features were incorporated to avoid the necessity of dry- 
docking for the purpose of fitting the rudder and drawing 
the shaft, &c. It is reported that the new design has 
increased the propeller efficiency and improved the ship’s 
manceuvring. 
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Markets, Notes and News 


The prices quoted herein relate to bulk quantities. " 
A comprehensive list of the prices of materials mentioned below will 


f.o.b. steamer. 
British Trade with Estonia 


The report on Economic and Commercial Con- 
ditions in Estonia to March, 1939, published by H.M. 
Svationery Office, price 9d. net, includes a survey of the 
growth of the import trade with Great Britain since the 
conclusion of the trade agreement in 1934. The value 
of imports of all descriptions has steadily increased from 
9 million krones in 1934 to 19-1 million in 1938. Imports 
from Germany have, however, risen in much greater pro- 
portion, from 11-7 million krones in 1934 to 33-3 million 
krones last year, chiefly on account of the increase in 
clearing agreements between the two countries and the 
German practice of importing at above market prices and 
subsidising exports. The value of metals imported from 
the United Kingdom fell in 1938 to 1,234,000 krones from 
1,450,000 krones in 1937, but compares well with the 
1936 total of 1,054,000 krones. Industrial machinery was 
imported in 1936 to the value of 1,248,000 krones, which 
dropped sharply in the following year to 994,000 krones, 
and rose in 1938 to 1,371,000 krones. The total imports 
of iron and steel tubes from the United Kingdom ts 
Estonia last year reached 612,934 kilos., valued at 
E. Krs. 206,654, a decrease from the 1937 imports of 
977,806 kilos. (E. Krs, 248,332). A comparison with the 
1936 figures shows how this trade has declined, for in that 
year the United Kingdom imports were 1,048,407 kilos., 
valued at E. Krs. 201,881. The total imports in 1938 
were 2,317,210 kilos., of which Germany supplied 
1,302,415 kilos. The trade in tin-plates with the United 
Kingdom also showed a steady decline until last year, 
and from 332,507 kilos. in 1935 dropped in 1936 to 
163,223 kilos., and again to 140,710 kilos. in 1937. In 
1938, however, there was some improvement and the 
imports rose to 246,327 kilos. Imports of galvanised 
sheets from the United Kingdom showed the first drop 
in 1938 for the past three years, the total being 
1,887,336 kilos., Poland coming second with 302,632 kilos. 
out of total imports of 2,619,085 kilos. In 1937 the 
United Kingdom sent 2,524,098 kilos.; in 1936, 2,125,929 
kilos; and in 1935, 2,045,761 kilos. Last year the 
United Kingdom sent 74,605 tons of pig lead to Estonia, 
compared with 70,815 tons in 1937. These figures are 
considerably below the 1936 total of 149,604 kilos., which 
had risen sharply from the 1935 imports of 99,666 kilos. 
Imports of tin have fluctuated during the past four 
years. In 1935 these totalled 36,582 kilos., which dropped 
in the following year to 23,679 kilos., but rose in 1937 
to 26,311 kilos., to decline again in 1938 to 23,893 kilos. 
Other items imported in considerable quantities include 
iron and steel wire, hoop iron, aluminium strips and 
sheets, agricultural machinery, internal combustion 
engines. The report gives ample proof of the value 
of the Estonian market to British traders. 


The Pig Iron Market 


Whilst the steel industry is working as near to 
capacity as possible, the production of pig iron does not 
make similar progress. The output of basic pig iron is 
the most satisfactory feature of the latter industry, and 
this is due to the insatiable demands of the steel makers. 
The greater part of the output of this description is 
absorbed by works associated with the producing plants 
and comparatively little finds its way to the open market. 
As a consequence, those steel works which cannot manu- 
facture enough to meet their own requirements have been 
somewhat anxious regarding their future supplies, and 
iron has had to be imported from India. Apparently 
it is uncertain whether or not large quantities will have 
to be imported later on, but naturally the steel makers 
are anxious from past experience to avoid overbuying. 
Whilst the demand for steel remains at its present level, 
however, there must be a considerable strain upon the 
basic iron production capacity of the country. The 
position of the foundry iron makers is less satisfactory 
since the requirements of the light castings industry do 
not expand. The decline in building operations this 
year has had a pronounced effect upon the demand for 
rain water goods and other products of this industry, 
and few of the foundries are working full time. A few 
months ago there was a movement amongst founders to 
accumulate some reserves, and recently there has again 
been some buying for this purpose. The amount of busi- 
ness transacted, however, has been disappointing so far 
as high-phosphoric qualities are concerned. Low- 
phosphoric foundry iron continues in active demand, 
particularly in the Midlands, where considerable tonnages 
are moving into consumption by engineering firms engaged 
on Government work. On the North-East Coast the 
production of Cleveland foundry is at a low level, and 
the intermittent operation of one furnace is sufficient to 
meet the needs of the market. Trade with the Scottish 
light castings founders is small and irregular, and little 
business is passing with outside districts in England, 
whilst, on the other hand, local founders are using a 
fair amount of Midland iron. In Lancashire there has 
been rather more activity in the foundry iron market ; 
but the demand has been principally for low-phosphoric 
grades. The situation in the hematite market has 
improved during the past few weeks and the heavy stocks, 
in the makers’ hands have been materially reduced. 


North-East Coast and Yorkshire 


: Usually at this season there is some relaxation 
in productive activity at the steel works, but this year 
operations are maintained at a high level as there is no 
easing in the pressure of consumers to obtain delivery. 
The makers have a huge tonnage of orders in hand, and 
are m every effort to avoid falling into arrears in 


deliveries. Much of the work is for firms engaged on 
Government work, to which priority has to be given. 
As a result, the execution of ordinary commercial orders 
is frequently subject to some delay. Generally speaking, 
little complaint is heard of arrears in deliveries, but this 
is due to the energy with which the works are dealing 
with the orders in hand. The situation in the semi- 
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finished steel department has been relieved to a certain 
extent by the arrival of imports of sheet bars from 
Australia; but many consumers find their operations 
hampered by a shortage of semis. Although all the plant 
available is being pressed to the utmost to produce this 
class of material, it is evident that imports will have to 
be continued on a large scale for some time. For some 
months past the production of structural steel has been 
at a high rate, and judging from the number of orders 
on the books of the constructional engineers, and in 
prospect, there is little likelihood of any decrease in the 
activity at the works during the remainder of this year. 
Most of the output of sections and joists is going into use 
in buildings which are being erected as part of the rearma- 
ment programme. Large tonnages of this material 
as well as of plates are passing to the shipyards, which 
will continue to provide a good outlet for several months. 
The sheet department is still busily engaged upon A.R.P. 
requirements, and the inconvenience experienced from 
the shortage of sheet bars seems to have been largely 
overcome as a result of recent imports. The Yorkshire 
steel works are as busily employed as those in other parts 
of the country. Reports from Sheffield indicate that the 
demand for basic steel is well in excess of the production. 
Whilst the call for acid carbon billets is not so vigorous 
as for basic it is at a high level, and the producing works 
have a large reserve of orders. Makers of stainless steel 
are in a good position and are operating their plant at a 
high rate. There is also a strong demand for alloy steels, 
much of which arises from firms engaged upon Government 
work. 


The Midlands and South Wales 


The steel market in the Midlands is quiet so far 
as new business is concerned, as most consumers seem to 
have covered the bulk of their requirements over the next 
few months. It is unlikely that there will be much placing 
of new contracts until after the end of October, for which 
period the present range of prices stands. There is, how- 
ever, no sign of slackening in the pressure for deliveries, 
which are mainly in connection with armament and 
defence demands, and in some cases works’ order books 
have become so congested that they have had recourse 
to a system of rationing. The question of adequate 
supplies of semis, especially of billéts and sheet bars, is 
still very much to the fore. Increased arrivals have come 
into this country from the Continent, but so far Midland 
users have not been reaping much benefit, and the re-rollers 
of small bars and strip are in arrears with deliveries. 
Makers of sheets, however, are now well supplied with 
sheet bars and are producing steady tonnages for the 
Government. New commercial business in most cases 
cannot be accepted. The demand for bright-drawn steel 
bars and for cold-rolled strip is still strong, despite the 
fact that makers of colliery arches and rails have been 
receiving large and regular deliveries. Bar iron has been 
in somewhat better demand, though it is not sufficient to 
ensure a steady rate of operations at the works in question. 
Crown bar iron is comparatively quiet, but a good business 
is moving in high-quality iron bars, and in nut and bolt 
iron. In South Wales the position is much the same as 
elsewhere. The present rate of activity is high, and likely 
to be maintained for a long period. Heavy steel makers 
and plate and sheet rollers have large commitments on 
hand, and vast quantities of black and galvanised sheets 
are being produced. There is a good deal of apprehension 
over the price of tin-plate bars after the end of October, 
and a strong feeling persists that it may be raised. Tin- 
plate makers are already involved in higher costs of pro- 
duction through wage increases, and are feeling that the 
current selling prices of tin-plates are too low. Tin-plate 
business is good, especially in the home trade, where the 
establishment of militia camps and private laying in of 
food stores has led to an increased demand from food 
canners. Home buyers have been placing orders for 
delivery as far ahead as the end of the first quarter of 
1940, while the export demand has covered shipments up 
to the end of the year. The production of tin-plates is 
close upon 75 per cent. 


Current Business 


The Brightside Foundry and Engineering Com- 
pany, Ltd., Sheffield, has secured a contract for alu- 
minium rolling mill plant for the Aluminium Company 
of Canada, Montreal, comprising a hot reversing breaking 
down mill, and six stands of sheet-finishing mill rolls 
with reduction gear sets. Scottish Oils, Ltd., has obtained 
the permission of the Grangemouth Dean of Guild Court 
to erect buildings at its works of which the estimated 
cost will be £32,850. The plans include an extension 
to the boiler-house and the erection of a chimney to cost 
£15,000, and a four-pipe line bridge over the Grange 
Burn at a cost of £10,700. Admiralty orders for the 
building of two trawlers each have been given to the 
following firms :—A. and J. Inglis, Ltd., Pointhouse ; 
Ferguson Brothers, Ltd., Port Glasgow; the Ardrossan 
Dockyard Company, Ardrossan; Henry Robb, Ltd., Leith; 
and Hall, Russell and Co., Ltd., Aberdeen. Four boom 
defence vessels are to be built and engined by Lobnitz & Co., 
Ltd., Renfrew. Two special patrol vessels of a new type 
are on order from Fleming and Ferguson, Ltd., Paisley. 
High Duty Bronze, Ltd., has acquired a site of 94 acres 
at Langley, Bucks, where a new foundry has been erected, 
and the company will be known in future as Langley 
Alloys, Ltd. The manufacture of bronze castings, forgings, 
and ingots will be continued and extended. A tar plant 
is being installed at the Orgreave Colliery, Rother Vale 
Collieries Branch of United Steel Companies, Ltd. The 
plant is being built by Koppers Coke Oven Company, 
Ltd. A tar plant is also being installed at the South 
Yorkshire Chemical Works, Ltd., Parkgate, Rotherham, 
and is being erected by Chemical Engineering and Wilton’s 
Patent Furnace Company, Ltd., London. The plant 
will have a daily capacity of 100 tons. A new 10-ton 
electric furnace designed and built by Siemens Schuckert 





is being installed at the Stocksbridge works of Samuel 





are delivered f.o.t. Export quotations are 
be found on the next page. 


Fox and Co., Ltd., and will be the first of its type to 
operate in England. The Department of Overseas Trade 
reports that the following contracts are open for tender :— 
Argentine State Oilfields Department: Over 360,000 m. 
of steel piping of various sizes, mainly black steel line 
piping, but also galvanised piping and special steel 
tubing for sea water (Buenos Aires, September 12th). 
Argentine State Railways Administration: Supply 
and delivery of the following in metric tons :—14,918 
tons of rails, 37 kilos. per metre in length of 18 m. (22,400 
rails); 561,440 tons (23,200 pairs) fish-plates ; 116,400 
tons of bolts (142,000); 7104 tons (148,000) spring 
washers; 528 tons (1,320,000) dogspikes; 22,377 tons 
rails, 37 kilos. per metre in lengths of 18 m. (33,600 rails) ; 
842,160 tons (34,800 pairs) of fish-plates; 174,660 tons 
(213,000) bolts; 10,656 tons (22,000) spring washers; 792 
tons (1,980,000) dogspikes (Buenos Aires, September 8th). 


Copper and Tin 

The electrolytic copper market is firm as a 
result of the active conditions which have prevailed 
in the American market during July. There was a good 
volume of buying right up to the end of the month and 
the first two or three days of August. The record sales 
made during July have naturally been reflected in 
the attitude of the producers, and there are now no sellers 
at below 10-374c. d/d. Hopes are entertained that the 
buying will be continued during August, but this is almost 
too much to expect, since most of the American con- 
sumers must have covered their requirements for several 
weeks ahead. It is believed that the American producers 
also made large export sales last month so that the 
position of the industry must have materially improved. 
General interest will be felt in the statistics for August 
which will be due in about the middle of this month, 
and it is anticipated that the figures will disclose a favour- 
able trade position. The stocks of copper in the hands 
of the consuming -works were estimated at the end of 
July at 205,000 short tons, with another 120,000 tons 
still to be delivered. These estimates, of course, confirm 
the opinion that the buying movement in America 
must be nearly at an end, and that for some time the 
market will be quiet whilst the consuming industries 
absorb their recent purchases. Considerable deliveries 
also have to be made to Japan and to Central European 
countries. The standard copper market has developed 
a firmer tone than for some time past, and speculators, 
after being absent from the market for some months, 
are again showing interest. The probability of electro- 
lytic copper prices advancing still further and exerting 
a favourable influence upon the standard market may 
account to some extent for this activity, but there is 
also a belief current that a period of inflation is at hand 
and that copper values, in common with those of other 
commodities, will move upwards.... Prices in the tin 
market have remained firm, but no fundamental change 
has occurred in the position. The Buffer Pool is supposed 
to have sold about 1500 tons at £230, but the market 
has not been appreciably affected. The industrial demand 
for the metal remains disappointing and consumers in 
practically all trades are content to buy from hand to 
mouth, since they can see no inducement to undertake 
forward commitments. A good demand is being experi- 
enced from the tin-plate mills here and in the United 
States; but the quantities taken by other consuming 
industries have declined somewhat of late. Of course, 
the longer consumers pursue their present policy of holding 
aloof from the market as much as possible, the stronger 
will be the buying movement when they are obiiged to 
replenish their stocks. 


Lead and Spelter 


Price movements in the lead market have followed 
an upward tendency for some time, and immediately 
before the holidays touched the highest point of the 
year at £16 ls. 3d. to £16 3s. 9d. The market in this 
country continues active and the consuming industries 
are still taking up good quantities. In some directions 
there is apparently a decline in the demand, but whilst 
the firms eng: upon rearmament work require so 
much metal as of late the consumption cannot be regarded 
as being anything but satisfactory. It is suggested that 
Japan is requiring large quantities of lead and this may 
affect the supplies to this country as most of the lead 
going to Japan is obtained from Empire countries which 
are also the largest suppliers of the British industries. 
The failure of any improvement in the demand from the 
building industry is disappointing, but it now seems 
to be generally believed that the rate of building opera- 
tions is not likely to increase materially for some time 
to come. Although sufficient supplies are available for 
the London market, there is no great surplus of the metal, 
and the producers have shown no inclination to force 
sales. The American statistics for June showed that the 
stocks of refined lead in the producers’ hands at the 
end of the month totalled 129,366 short tons, but it is 
expected that the recent buying by the United States 
will result in a decrease at the end of July.... Firm 
conditions have ruled in the spelter market and there 
has been a steady demand from the galvanised sheet 
makers who are engaged upon work for A.R.P. purposes. 
This class of business, it is expected, will provide a good 
outlet for the metal for some time to come. Other con- 
suming industries are taking up good quantities, and, 
in fact, the industrial demand is more satisfactory than 
is usual at this period of the year when holiday conditions 
— in the market. A little more speculation has 

m noticeable probably as a result of the upward 
movements in other non-ferrous metals, but it is not 
likely that much enthusiasm will be displayed towards 
speculation in this market, since the general impression 
seems to be that whilst conditions will probably remain 
firm no important price advances can be e ted. 
There is no shortage of supplies of spelter and the arrivals 
this month are expected to be sufficient to meet all 
requirements. 
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Current Prices for Metals and Fuels 


Makers’ official home trade price, per ton, delivered buyers’ stations. * Joists, Sections, Bars and Plates are subject to a rebate of 15s. to home users purchasing only 
from Associated British Steelmakers. {Export prices are for Empire Markets; for other Markets British quotations conform to Cartel prices. 


PIG IRON. 


Home. 


Export. 


Foundry home prices, except for Scotland, less rebate of 5/-. 


(D/d Teesside Area.) 


N.E. Coast— £ 8s. d. £.. a: ds 
Hematite Mixed Nos. ... 515 0... — 
o No. 1 § 15 6... 515 0 
Cleveland— 
No. 1 pag, Par - 2. 6 2 6 
No. 3 G.M.B. 2 V... § 0 0 
No. “nesiainid 418 0.. —_ 
Basic 412 6.. — 
MIDLANDsS— 
Staffs— (Delivered to Black Country Station.) 
North Staffs Foundry ee -- 
” » Forge 418 Otof5 0 0 — 
Basic oom 30) te — 
Northampton— 
Foundry No. 3 ae eremaere —_— 
Forge as 415 6tof417 6 _— 
Derbyshire— 
No. 3 Foundry ae Ge Yea — 
Forge i. 418 Oto£f5 O 0 — 
ScoTLaNnD— 
Hematite, f.o.t. furnaces 515 6 .. — 
No. 1 Foundry, ditto ... 5 3 0.. —_— 
No. 3 Foundry, ditto S 8 8. — 
Basic, d/d : 412 6. a 
N.W. Coasr— (5 15 eaja @uabe 
Hematite Mixed Nos. ... 16 1 0,, Sheffield 
{6 7 0,, Birmingham 
MANUFACTURED IRON. 
Home. Export. 
Lancs AND YORKS— ee or ea. 2. 
Crown Bars > i a oe — 
Best Bars 38. 6... iste 
MIpLaNnDs— 
Crown Bars ... . ae Sv: — 
Marked Bars (Staffs) 1515 0.. — 
No. 3 Quality... = Sie om — 
No. 4 Quality... i i ma 
ScoTLanD— 
Crown Bars 132 Se @ J 12 6 0 
Best... 1215 0 12 15 0 
N.E. Coast— 
Crown Bars ot ES BP ons 12 5 0 
Best Bars aes ine RB OD 24 12 15 0 
Double Best sien “80S + O-5 13 5 0 
NORTHERN IRELAND AND FREE STATE— 
Crown Bars, f.o.q.... “a: 2: a we —_ 
STEEL. 
*Home. tExport. 
LONDON AND THE SouTH— 2 ee Se St. 
Angles 1010 6.. 10 0 0 
Tees... » Ae Se Bi . ll 0 0 
Joists 10 10 6.. 10 0 0 
Channels... 1015 6.. 10 56 O 
Rounds, 3in. and up 1: 20 6... ll 0 0 
a under 3in. BL:-27). Of:. ll 0 0 
Flats, under 5in. RE: 27 Cf: ll 0 0 
Plates, jin. (basis) 1015 6... 10 2 6 
a frin. ... mS 8 .: 10 7 6 
a din. ... a a 10 12 6 
“ fein. ... aA 50. 6... 10 17 6 
Un. yin. to and iil 
6 Ib. per sq. ft. (8-G.)... 11 12 6 .. 1112 6 
Boiler Plates, jin. 1113 0.. 11 12 6 
G NortH-East Coast— £ s. d. £ sa. 6: 
Angles 10 8 0O.. 10 0 0 
Tees... i 2 9. ll 0 0 
Joists m:..8,, B,.. 10 0 0 
Channels.. . 1013 0.. 10 5 0 
Rounds, Sin. siete up BBB 10:0 ll 0 0 
‘6 under 3in. 11 15 Of.. ll 0 0 
Plates, fin. (basis) 0°30 "'S' .: 10 2 6 
Wa es. 1015 6.. 10 7 6 
~ tin. ... 7a, Ss. 10 12 6 
” ee | ae le we 1017 6 
fsin. to and incl. 
6 Ib. per sq. ft. (8-G.)... 11 12 6... 1112 6 
Boiler Plates, jin. SRE Bec 1112 6 
MIDLANDS, AND LEEDS AND DistTRIcCT— 
£ s. d. £ s. d. 
Angles ee as 10 0 0 
Tees... aR ©... ll O 0 
Joists 10.8 0... 10 0 0 
Channels... 10 13 0O.. 10 5 0 
Rounds, 3in. and up JG me Bes 13¢:-@ 
under 3in. 11 16 Of... 11 ‘o°@ 
, Flats, 5in. and under 7) 20" wy... 11 0 0 
Plates, jin. (basis) 1013 0.. 10 2 6 
Ce RR re 1018 0.. 10 7 6 
» tin. ... ie a a 10 12 6 
a ae a 840 «. 1017 6 
Un. in. to ai aad. 
6 Ib. per sq. ft.(8-G.)... 11 12 6.. 1112 6 
Boiler Plates, jin. i eee 6 11 12 6 








STEEL (continued). 


*Home. tExport, 
GLascow anp District— 2 > ed 3 sd, 
Angles 1.8 O.. 10 0 0 
Tees... 2 Sk ee C3 et 
Joists 5: L.A: 10 0 0 
Channels... and 1013 0.. 10 5 0 
Rounds, 3in. and up ll 8 0O.. 1l 0 0 
os under 3in. 11 15 Of... ll 0 0 
Flats, 5in. and under ... 11 15 Of... IT: Op 
Plates, jin. (basis) RG: 20" °Os.: 10 2 6 
a: kee 1015 6.. 10 7 6 
” tin. ... Bn Oe) Bo 10 12 6 
apt pal onal $444 xe Fl Bp a 10 17 6 
Un. yin. to and incl. 

6 lb. per sq. ft. (8-G.)... 11 12 6.. 11 12 
Boiler Plates, jin. D2 218" O x2 1112 6 
South WaLEs AREA— SS £ad 
Angles a Si: 10 0 0 
Tees... 8. @... ll 0 0 
Joists 10: B'O.5 10 6 0 
Gein. ip . 1013 0.. 10 5 0 
Rounds, Sin. — up 288 ON: ll 0 0 
»» under 3in. 11 15 Ob... 1l 0 0 
Flats, 5in. and under ... 11 15 Of.. Fi G6 
Plates, jin. (basis) 1013 0... 10 2 6 
ote 10°36°°0".. 10 7 6 
»” tin. IBUBS OX: 10 12 6 
” iiss af bi Siti. 1017 6 

. fin. to and aed: 

spr ese a G.)... 112 6... 1112 6 
IrRELAND—F.0.Q.— BELFAST. Rest or IRELAND. 
». 40 4. £ a_d, 
Angles - 1013 0O.. 1015 6 
Tees... RAAB @:3. 1115 6 
Joists 1013 0.. 10 15 6 
Channels.. ome 30 Cs. ll 0 6 
Rounds, Sin. pene up IE aso". 1115 6 
»» under 3in. 12 0 Of... 12 2 6 
Plates, jin. (basis) 1015 6.. 10 18 0 
” fin. ... ER. oitte Soe ll 3 0 
” Se 10 5 6.. ll 8 0 
oe Ties Weal oe AE BR Bs 1210 0 
Un. in. to fin. incl. Lao . 11 12 6 


} Rounds and Flats tested quality ; sintested, 3s. less. 


OTHER STEEL MATERIALS 

Home. Export, f.o.b. 

Sheets. £ 8s. d. £ s. d 
11-G.and 12-G.,d/d 1315 0 11-G.to14-G. 11 5 0 
13-G., d/d... .- 14 2 6 15-G.t016-G. 1115 0 
14-G. to 20-G.,d/d ... 14 10 0 17-G.to18-G. 12 0 0 
21-G. to 24-G.,d/d... 14 15 0 19-G.to20-G. 12 5 0 
25-G. and 26-G.,d/d 1510 0 21-G.to22-G. 1217 6 


South Africa, Rhodesia, Nyasaland, £14; Canada, £14 12s. 6d., 
f.o.b. basis. Irish Free State, £14 15s., f.0.q., 4-ton lots. 

The above home trade sheet prices are for 4-ton lots and over; 
2-ton to 4-ton lots, 7s. 6d. per ton extra; and under 2-ton 
lots to 10-cwt., £2 per ton extra. 


Galvanised Corrugated sheets, basis 24-G.— 
Home. $@enth. 
4-ton lots and up ... 17) 5.0 
2-ton to 4-ton lots 17 12 6 
18 17 6 


Under 2 tons SSOR I PUPS, gel 
Export: India, £17 15s. c.if.; Irish Free 
f.o.q.; General, £15 15s., f.0.b., 24-G. basis. 
TIN-PLATES— 
20 by 14 basis, f.0.t., Bristol Channel Ports, 20s. 44d. 


State, £17 5s., 


Tin-plate Bars, d/d Welsh Works, £7 5s. 
BitLEts—100-ton lots and over, 35 to 100 tons, 5s. extra; less 
than 35 tons, 10s. extra. 2 «.°d. 
Soft (up to 0-25% C.), untested “i re. 
tested ... 712 6 
Basic (0°33% to 0-41% C.) oan 717 6 
» Medium (0-42% to 0-60% C.)... 810 0 
» Hard (0-61% to 0-85% C.) 9 0 0 
pe: »  (0°88% to 0-99% C.) 910 0 
» (over 0-99% C.) 10 0 0 
Rails, Heavy, 500-ton lots, f.o.t. 910 0 
» Light, f.o.t.. PAGE gt 810 0 
FERRO meres 
Tungsten Metal Powder 4/5 per lb. 
Ferro-Tungsten ... 4/4 per lb 
Per Ton. Per Unit. 
Ferro Chrome, 4p.c.to6p.c.carbon £23 10 0 7/6 
4 ae 6 p.c. to 8 p.c. ... £23 5 0 7/6 
- os 8 p.c. to 10 p.c. ... £23 5 0 7/6 
a ” Max. 2p.c. carbon ... £36 0 0 11/- 
~ “ » lp.c.carbon ... £38 5 0 11/- 
sy ai » 0-5 p.c. carbon £41 0 0 12/- 
” ”» », carbon-free 10d. per Ib 
Metallic Chromium 2/5 per Ib. 


£16 15 0 home 


Ferro Manganese (loose), 16 p.c. 
£12 10 Oscale 5/- p.u. 


Silicon, 45 p.c. to 50 p.c. 


” 





= ae! See £17 0 Oscale 6/- p.u. 
»  Vanadium.. 14/- per lb. 
¢ Melyiedenmns ? 4/10 per lb. 5/- forward 
» Titanium an pe free) 9d. per lb. 
Nickel (per ton) .. ou £185 to £190 per ton 
Cobalt ... 8/6 to 8/9 per lb. 


NON-FERROUS METALS. 


(Oficial Prices, August 9th). 


CoprpER— 
pay oes £44 12 Gto£44 13 9 
Three Months ... £44 15 Oto £44 16 3 
Electrolytic £50 5 Otof5l O O 
Best Selected gibi a Bir- 
mingham . yee £50 15 0 
Sheets, Hot Rolled £82 0 0 
Home. Export. 
Tubes, Solid Drawn (basis) 13d. 13d. 
»  Brazed (basis) 13d. 13d. 
Brass— 
Ingots, 70/30, d/d Birmingham £39 10 0 
Home. Export. 
Tubes, Solid Drawn 2/1 Alloy 113d. 113d. 
»  Brazed 133d. 133d. 
Tin— 
ae hiidtio! cx . £229 17 6 to £230 0 
Three Months .. . £225 10 0 to £225 15 
SPELTER— 
CO ea ee, css £14 8 9to£l4 10 O 
Three Months ... £14 13 9to£l4 15 O 
Leap— 
7” Ag £16 1 3tofl6 2 6 
Three Months ... £15 18 9tofl6 O YU 
Aluminium Ingots (British) ... £94 (net) 
FUELS. 
SCOTLAND 
LANARKSHIRE— 

(f.0.b. Grangemouth) Export. 
Navigation Unscreened 18/- to 19/- 
Hamilton Ell 17/6 
Splints 20/- 

AYRSHIRE— 

(f.0.b. Ports) — 

Steam 17/- 
ForesHIRE— 

(f.0.b. Methil or Burntisland)— 

Prime Steam . spa «de 18/- 
Unscreened Cittginlen 18/6 
LoTHIANs— 
(f.0.b. Leith) — 
Hartley Prime 18/- 
Secondary Steam ... 17/ 
ENGLAND 
Sour YorRKSHIRE, DoNCASTER— 
Steam Hards... 19/-— to 20/- 
Washed Smails 16/— to 17/- 
NORTHUMBERLAND, NEWCASTLE— 
Blyth Best 19/- to 19/6 
3 bees’. 18/- to 18/6 
» Best Small ... 15/6 
Unscreened 17/- to 18/- 
Duraam— 
Best Gas... .. 19/9 
Foundry Coke 26/- to 28/- 
CarDIrF— SOUTH WALES 

Steam Coals : 

Best Admiralty hem: 23/6 to 24/- 
Best Seconds .. oo Sane 23/- to 23/6 
Best Dry lange 23/- to 23/6 
Ordinaries ve 23/- 

Bunker Smalls 16/- to 17/6 
Cargo Smalls ... 15/- to 15/6 
Dry Nuts ve 27/6 to 28/- 
Foundry Coke 35/- to 42/6 
Furnace Coke 30/— to 33/6 
Patent Fuel ... 25/6 

SwansEA— 
Anthracite Coals : 
Best Large ... 36/— to 38/- 
Machine-made Cobbles... 41/- to 45/6 
Nuts ssnitads 40/- to 45/- 
Beans 33/- to 38/6 
Peesie. \ 00 ss: 26/- to 30/- 
Rubbly Culm... 15/- to 16/- 

Steam Coals : 

Large Ordinary ... «.-. «+ es 22/6 to 24/6 





FUEL OIL. 


Inland consumption: contracts in bulk. 


Exclusive of Government tax of ld. per gallon ; and 9d. per 
gallon on oil for road vehicles. 


Ex Ocean Installation— Per Gallon. 
Furnace Oil (0-950 gravity) 33d. 
Diesel Oil ... «.. 43d. 
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French Engineering Notes 
(From our own Correspondent in Paris) 


New Industrial Conceptions 


A YEAR ago a “ Centre of Young Employers ”’ 
was formed in Paris for the study of new ideas of indus- 
trial organisation which aimed at leaving beaten tracks 
that had led to the disastrous conflict between workers 
and employers and creating a new order based upon a 
wider conception of the relations in which employers 
stood to industry. It is argued that industry will not 
attain the object of promoting a general well-being so long 
as it is composed of independent and more or less 
antagonistic elements. The technical, economical, and 
social aspects of questions affecting industry are so closely 
intertwined that they cannot be separated and must be 
dealt with as a whole and studied in what is called a 
human atmosphere with regard to the interests of the 
entire community. Industry, it is declared, should be 
organised on a harmonious plan with all its phases well 
balanced, with an equilibrium in production and con- 
sumption, in the different functions of industry, in the 
professional relations between different industries and 
between professional groups and the State. The employer 
is to be an organiser of labour for the general well-being. 
The first thing done by the Centre was to instruct its 
members in the scientific organisation of work and arrange 
conferences by experienced employers, so that the fullest 
data would be available for study of the best means of 
putting into effect the new comprehensive doctrine. The 
general principles are laid down and members will acquire 
the knowledge necessary to enable them to follow the 
doctrine in the manner most suitable to their own 
personalities and the conditions under which they will be 
working. That progress has been made was shown at a 
congress held recently at Rheims. The Centre gives first 
importance to the scientific organisation of work as a 
means of lowering production costs and eliminating waste, 
which has necessarily to be paid for by the community. 
How workers are to be remunerated is still under dis- 
cussion. They will be encouraged to take an interest in 
their work by giving them opportunities of exercising 
initiative and will profit from improvements and aids to 
progress that they may introduce. It is suggested that 
they should have some direct interest in the business. 
The Centre condemns production methods that destroy 
the worker’s personality and initiative. 


Tramways and Trolleybuses 


The Minister of Public Works has instructed 
prefects to do what is necessary in their departments to 
ensure that the tramways which are being abandoned shall 
be replaced by trolleybuses and not by motor omnibuses. 
Since trials began to be carried out thirty-five years ago 
with alcohol as a fuel for motor vehicles experiments have 
extended to every form of home-produced fuel, with 
results that have revealed the limitations of each substitute 
for petrol and oil, some of them being ruled out by cost 
and others offering technical difficulties that may be 
partially overcome in time. The portable suction gas 
plant, upon which so much attention has been centred for 
some years past, has made fair headway among. private 
owners of lorries who are tempted to use them in conse- 
quence of financial advantages offered by the State. 
Efforts to impose suction gas on a percentage of the 
omnibuses running in public service have failed. In his 
instructions to the prefects the Minister of Public Works 
admits that the only immediate alternatives to petrol for 
such services are oil and electricity, and as the importation 
of oil must be curtailed he insists that electricity should 
take first place in the transformation of tramways to 
omnibus services. On account of the necessities of modern 
road construction, and the ever-increasing importance of 
economy, tramways are fast disappearing, and it is urged 
upon prefects that they should be replaced by trolley- 
buses. The instructions are really of a compulsory 
character, for no department or commune will be allowed 
to abandon tramways for motor omnibuses until a report 
has been made by the chief engineer of the electricity 
supply upon the feasibility of converting the system to the 
trolleybus. The Minister declares that France is a long 
way behind other countries in the use of the trolleybus, 
the economic advantages of which he explains in detail, 
and the electrification of the country would, he states, 
ensure at least a partial working of the public transport 
system in the event of mobilisation. 


Import Quotas 


The suspension of about 20 per cent. of industrial 
import quotas is a tentative expedient which will be 
extended if it be found that this attempt to widen com- 
mercial exchanges is justified by results. Ideas under- 
lying the present economic policy are that the rise in living 
costs due to price inflation must be checked by a free 
importation of goods and products that are not unduly 
competitive with French manufactures, and that national 
finance will benefit by an increasing revenue from import 
duties. At the same time, the experiment will fail if other 
countries will not follow this example, so that French 
manufacturers may have equal facilities for selling their 
goods in other markets. ‘Immediately the suspension of 
these quotas was announced the Belgium-Luxembourg 
Union gave reciprocity to France, and there is now a free 
exchange of nearly fifty classes of industrial products 
between the two countries. The suspension will be main- 
tained so long as the free imports do not compete unduly 
with similar French goods in the home market. If the 
results prove to be encouraging other goods will doubt- 
lessly be added to the list, and it is hoped that reciprocity 
from other countries will allow of a widening of exchanges. 
Goods subjected to the quota suspension affect the metal 
working and engineering trades to only a small degree, 
being limited to some hardwares, domestic cooking 
appliances, precision instruments, and machines for 
printing cotton goods and the like. The textile and some 
other trades are favoured. The significance of this action 
lies in its making a breach in a system of trade restriction 
that has always been denounced as fatal to economic 
expansion and has yet afforded the only means of pro- 
tecting home industries from the ruinous effect of dumping 
methods initiated by some other countries. 





British Patent Specifications 


When an invention is communicated from abroad the name and 
address of the communicator are pri: in italics. 

When an abridgment is not illustrated the Specification is 
without drawings. 

Copies of Specifications may be obtained at the Patent Office, 
Sales Branch, 25, Southampton Buildings, Chancery Lane, W.C.2, 
le. each. 

The date first given is the date of application ; the second date, 
at the end of the abridgment, is the date of the acceptance of the 
complete Specification. 





ELECTRICAL APPLIANCES 


508,244. March 12th, 1938.—E.Lzcrric Insunators, The 
Micanite and Insulators Company, Ltd., Empire Works, 
Blackhorse Lane, London, E.17; and The London 
Passenger Transport Board, 55, Broadway, Westminster, 
London, 8.W.1; and Dr. Guido Emile Haefely, 7, Glengall 
Road, Woodford Green, Essex. 

This invention relates to the production of a reinforced 
electric insulator, more particularly for use in tension from 
natural or synthetic resins or fabrics impregnated with them, 
such materials being normally of low tensile strength. Its 
purpose is the construction of an insulator in which the parts 
are so arranged that the insulating material itself is under com- 
pression and better utilisation of the materials involved is 
possible, resulting in such insulators being of a more compact 
design and mechanically sound. The insulator is built on an 
elongated metal core, which for the purpose in view takes the 
form of a round rod A threaded at both ends. The rod is reduced 
in diameter at two points near its ends. An insulating tube B, 
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into which this core will slide, is made by winding resin impreg- 
nated paper, textile, or asbestos fabric upon a mandrel. The 
wrapping is wound at first of fabric of a width equal to the length 
of the unthreaded portion of the core rod and then outer layers 
C are wound on of wider fabric, so that the bore of the insulator 
is enlarged at its two ends. The mandrel is removed and the 
core inserted ; suitably shaped nuts D are screwed on the ends 
of the core and the enlarged ends of the bore of the insulator are 
plugged with similar insulation. The insulator is then com- 
pressed in a heated mould so that the fabric is forced into the 
necks of the core rod and consolidated. By this means similar 
necks E are formed in the insulator. Metal sleeves F, long 
enough to reach to the necks of the insulator, are placed on its 
ends and are rolled, swaged, or formed down into the necks. 
The necks are of such depth that the insulation is substantially 
in compression when the insulator as a whole is put in tension. 
The outer ends of the metal sleeves are adapted for attachment 
to external supports.—/une 28th, 1939. 


LOCOMOTIVES 


508,276. October 25th, 1938.—IMPROVEMENTS IN OR RELATING 
to Locomotives, Maschinenfabrik Ocerlikon, Ocerlikon, 
near Ziirich, Switzerland. 

Devices are known which enable the driving axles of a loco- 
motive to adjust themselves radially to a certain extent when a 
locomotive is travelling round a curve. Certain limitations are, 
however, imposed on most devices, in that, for example, the 
driving motors are mounted fast on the locomotive frame, so 
that in consequence of the coupling necessary for transmitting 
the torque to the driving axle only a limited radial adjustment 
of said axle is possible ; or the radial adjustment is limited for 
the reason that the driving wheels would otherwise touch or 
graze the frame of the locomotive, when said frame lies internally 
or externally of said wheels. In order to obviate restriction of 
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the radial adjustment by the locomotive frame, it is necessary, 
on the other hand, to make the overall wheel base of the driving 
axles within the frame as small as possible. The present inven- 
tion aims at obviating the above-mentioned disadvantages and 
restrictions and providing an improved locomotive. The 
embodiment according to Figs. 1 to 3 shows a locomotive having 
guiding wheels on two sub-bogies A, each having two axles and 
driving wheels on four driving axles B B and C C of end motor 
bogies D D, and intermediate motor bogies E E respectively. 
On the centre of rotation F of each sub-bogie A rests an end 
motor bogie D. The coupling and. buffer gears of the loco- 
motive are mounted on the motor bogies. The latter each guide, 
in turn, an intermediate motor bogie E, these bogies being 
pivoted at G to the motor bogies D. The body of the locomotive 
rests on the intermediate motor bogies at the pivot points H. 





Each motor bogie is provided with two motors I, which may 
either be rigidly mounted in the frame (frame motors) or be in 
the form of axle motors. Figs. 2 and 3 show the bogies of the 
locomotive of Fig. 1 in a straight line and a curve respectively. 
The sub-division of the underframe of the locomotive into a 
plurality of articulated bogies affords various advantages. When 
such a locomotive travels from a straight track (Fig. 2) into a 
curve (Fig. 3) the following facts become apparent. As soon as 
the first free axle enters the curve the centre of rotation F of the 
appertaining end motor bogie D also moves in the direction of 
the deflection. The guiding of the leading end motor bogie is 
thereby accomplished in such a way that the driving axle B is 
adjusted for travelling over the curve. The further the guide 
bogie A runs into the curve the more the first driving axle B 
is prepared for travelling over the curve, in such a way that when 
the axle runs into the curve it runs into the curve, not at a sharp 
angle, but more or less tangentially. In the same way as the 
first driving axle B was prepared for negotiating the curve, the 
next driving axle C is also prepared for running into the curve, 
by reason of the fact that the centre of rotation G and thus the 
intermediate bogie E is likewise deflected. It can be clearly 
seen from Fig. 3 how readily the locomotive can adjust itself to 
the curve. A locomotive fitted with articulated motor bogies 
in accordance with the invention will consequently have a much 
smaller curve resistance than single-framed and bogie loco- 
motives and will cause far less wear on wheel tyres and on the 
rails. The arrangement of the centres of rotation F, G, and H 
also achieves the effect that all free and driven axles participate 
in taking up the centrifugal force of the locomotive when a 
curve is negotiated. In this way such forces are considerably 
reduced per axle. Moreover, this reduction of the centrifugal 
force per axle, in conjunction with the radial adjustment of ali 
the axles of the vehicle, results in small wheel flange and rail 
wear on curves.—J une 28th, 1939. 


PUMPING AND BLOWING MACHINERY 


508,362. January 13th, 1939.—CENTRIFUGAL PUMPING APPA. 
ratTus, Sulzer Fréres Société Anonyme, Winterthur, 
Switzerland. 

In pumps for supplying feed water to boilers and other pumps 
which deliver against a high pressure and in which the medium 
pumped is at a relatively high temperature there is a risk that if, 
when the delivery pipe is closed, the pump continues to operate, 
generation of steam or vapour will take place in the delivery 
pipe and the steam thus generated will force the liquid out of the 
delivery pipe and out of the pump back into the suction pipe so 
that the pump will be running dry, when considerable damage 
may be caused, for example, by seizing. The object of this 
invention is to avoid this drawback. In the construction illus- 
trated the delivery pipe of a centrifugal pump includes a valve 
housing formed in two parts A and A,, containing a non-return 
valve B. The non-return valve is supported on a spindle 
mounted to slide axially in guides connected by ribs to the 
housing. Formed in the spindle is a longitudinal bore C extend- 
ing from the inlet end and communicating with a transverse 
bore D. Inserted in the lower guide are two bushings, which 
enclose between them a chamber E from which leads an outlet 
formed as a bore in one of the ribs. This outlet communicates 
through a valve F with a pipe G which may lead, for example, 
into the feed water tank. The valve is provided with a frusto- 
conical collar-like projection H adapted progressively to reduce 
the cross section for flow through the valve during the latter 
part of the closing movement of the valve and progressively 
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inerease the cross section for flow during the initial part of the 
opening movement. A stop surface on the upper part of the 
casing limits the upward movement of the valve. When the 
centrifugal pump is delivering, the non-return valve is raised 
against the action of its own weight. In this position the con- 
nection between the transverse bore E and the chamber E and 
outlet is cut off so that no escape of the pumped medium takes 
place. When the delivery pipe of the pump is closed the non- 
return valve drops by gravity on to the seating and the trans- 
verse bore E will be brought into the position indicated so that 
communication between the longitudinal bore C and the outlet 
will be established. Since the centrifugal pump continues 
to deliver, the liquid pumped thereby will be under the full 
pumping pressure. Thus the liquid flowing back, for example, 
to the feed water tank through the passage pipe G may be 
determined either by the cross-sectional area of the longitudinal 
bore C or of the transverse bore D or of the auxiliary outlet 
passage. Alternatively it may be determined by a throttling 
dise mounted in the outlet passage. When the non-return 
valve reaches the level of the valve seating during its closing 
movement the passage for the medium being pumped will be 
strongly throttled by the collar-like projection H. Thus, when 
the non-return valve again opens, an unimpeded flow there- 
through is only established after the valve has moved upwards 
to an extent sufficient to cut off completely communication 
between the transverse bore and the chamber so that no auxiliary 
flow. through the outlet takes place—June 29th, 1939. 


MACHINE TOOLS AND SHOP APPLIANCES 


508,557. December 31st, 1937.—PREsSES FOR THE EXTRUSION 
or Merat, George Alexander Vincent Russell, 192, Lords- 
wood Road, Harborne, Birmingham; and Imperial 
Chemical Industries, Ltd., Imperial Chemical House, Mill- 
bank, London, 8.W.1. 

In the extrusion press described an hydraulically operated 
main ram is provided with a billet container adapted to be 
moved into and out of axial alignment with the ram and an 
auxiliary ram capable of charging the billet into the containerand 
of removing the shell or discard therefrom, both operations 
being performed when the container has been moved out of 
alignment with the main ram. One convenient embodiment 
of the invention is illustrated, by way of example. The main 
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hydraulic cylinder containing the main ram A is juxtaposed in 
end-to-end relation with the return cylinder B containing the 
return ram which is rigidly secured to the main ram by means of 
the crosshead C. The main ram is formed at its forward end 
with a punch D. Arranged transversely and ahead of the main 
and return cylinders is the billet container E, which is carried on 
a runway, whereby it may take up one of two limiting positions, 
namely, that for charging of the billet and that for extrusion. 
In the former position the container is in alignment with an 
auxiliary or charging ram F, while in the latter position the con- 
tainer aligns with the main ram A. The container is moved 
along the runway by means of an hydraulically operated double- 
acting piston G. The travel of the container is limited by 
means of suitable stops HH. The charging ram F, parallel 
with the main ram, is operated by an hydraulic cylinder J. At 
its other end the ram is connected to a rack K in constant mesh 
with a spur gear wheel mounted on a vertical shaft. The shaft 
carries at its lower end a pinion L with which mesh two spaced 
parallel racks connected at their inner ends with rams M M 
working in corresponding hydraulic cylinders, the arrangement 
being such that the racks NN, on alternative actuation by 
hydraulic fiuid rotate the pinion L in opposite directions. In 
operation, a heated billet passes down a guideway to the press 
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into alignment with the ram F. The driving ram N, is then 
operated to cause the charging ram to push the billet into the 
container E, which, after the previous extrusion has been moved 
into the charging position. On the billet with a dummy block 
at its back end being inserted into the chamber the piston G is 
operated to move the chamber into the extrusion position, at 
which point in the cycle the main ram commences its working 
stroke. On completion of the stroke the die block (not shown) 
is withdrawn axially, bringing with it the end of the extruded 
rod, together with the die, and usually a part only of the shell 
or discard, the broken portion remaining in the billet container. 
The extruded rod is then severed by suitable cutting means 
(not shown) and the waste end is removed manually. In the 
meantime the container is moved back into the charging 
position. The ram F provided with a ring block (not shown), 
having a diameter substantially equal to the internal diameter 
of the container, is then operated both mechanically and by 
hydraulic pressure to force out the remaining part of the shell or 
discard. On the ram being retracted by means of the rack the 
press cycle is complete. Preferably the dummy blocks and ring 
blocks are automatically fed, when required, from magazines 
to the desired position in front of the charging ram.—June 30th, 
1939. 


MOTOR CARS AND ROAD TRAFFIC 


508,159. September 9th, 1938.—IwPROVEMENTS IN FRICTION 
Brakes, General Motors Corporation, Grand Boulevard, 
Detroit, Michigan, United States of America. 

This invention relates particularly to the frictional surface 
material which is attached to brake shoes. According to one 
form, the frictional surface material comprises an outer layer 
of conventional friction material and an inner layer of fibrous 
glass, which is disposed between the brake shoe and the frictional 
material. By this means there are secured for the friction brake 
certain desirable characteristics such as the avoidance of the 
bad effects of change in humidity and a lessening of the transfer 
of heat to the shoes so equipped. The fibrous glass serves to 
direct the heat to the brake drum and away from the shoe. 
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teferring to the drawing, A represents a brake shoe having a 
web and a flange B. Secured by rivets to the flange is a layer of 
friction lining C and an underlying layer D of glass fibre. The 
layer C is of conventional ling material. The woven glass 
layer has as an important characteristic, the prevention of the 
transfer of heat. When the friction material engages the drum 
and becomes heated the heat is largely transferred to the drum 
and not to the shoe, owing to the interposed layer of glass. The 
drum is exposed to the cooling air and is frequently provided 
with ribs to add to its surface area. The heat is therefore trans- 


mitted away from the drum readily, whereas the heat which is 
transmitted to the shoe is not readily transmitted away for 
the reason that it is housed within the drum.—June 27th, 1939. 





MISCELLANEOUS 


508,498. December 31st, 1937.—Tusr Covuptines, The British 
Steel Piling egg, a Ltd., and Alfred Hiley, Thames 
House, Millbank, Westminster, London, S.W.1. 

This invention relates to tube couplings, particularly those 
couplings for tube strings used in testing ground for subsequent 
pile driving and like operations, Referring to the drawings, A 
indicates a sleeve for connecting the adjacent ends of a pair of 
piling tubes B and C. The sleeve A is provided interiorly with 
upper and lower shoulders D and D, respectively to engag 
nenpeneaiee collars E and E, 
at the ends of the tubes. The 
collar E is in screw-threaded 
engagement with the end of the 
tube B. The sleeve A is made 
in portable longitudinal half 
sections, which hook upon the 
collars E and E, by means of the 
shoulders D and D,, the engag- 
ing faces of the collars and the 
shoulders being undercut for 
this purpose. The collar E, on the 
lower tube is formed integrally 
with the tube and on the upper 
length of tube B the collar 
E is screw-fitted on the tube. 
When the two portions of the 
sleeve are placed in position to 
engage the shoulders with the 
collars, the collar E can be 
' rotated together with the sleeve 
by a keyway F and spline G 
locking the screwed collar and 
sleeve together. The rotation 
given to the coupling when mak- 
ing a joint between the two tubes 
causes the sleeve to be brought 
into tension and hold the 
abutting ends of the tubes in 
firm contact. The sleeve which is 
nearest to the hammer is usually 
secured in place after tightening 
up the joint, by the aid of 
radial set pins, but as the screw 
threads provided on the movable collar are of fine pitch the 
tendency for the others, after entering the ground, to unscrew 
during driving, is generally avoided. The abutting ends of 
the tubes are preferably provided with means whereby relative 
rotation is prevented, and such means may comprise a pro- 
jection H on the end of the tube B to engage a recess in the end 
of the other tube. Further, the keyway F is so arranged that the 
keyway is formed in the collar and the key proper G formed as 
an integral web arranged longitudinally on the sleeve.—June 
30th, 1939. 


508,510. December 31st, 1937—Lusricators, Morrow Lubri- 
cator Company, of 180, North Wacker Drive, Chicago, 
Illinois, United States of America. 

The lubricator illustrated includes a body or container A 
having a threaded neck to which is screw-threaded a collar B 
formed integrally with a spout portion C. Within the portion C 
of the spout a piston (not shown) is operable by means of a 
plunger rod D. The bottom of the body is inwardly dished to 
form a central flat portion E, to which is secured a sleeve F 
extending inwardly of the bottom and terminating within the 
interior of the body. The plunger rod D extends through the 
sleeve and outwardly of the bottom its extremity being reduced 
in diameter and threaded to receive a pressure applying member 
such as thumb button. The sleeve extends inwardly from the 
central portion of the bottom a sufficient distance to provide a 
guide for the plunger rod, while in the region of the mid-length 
of the sleeve is provided a hole. Near the lower end of the 
plunger rod is an annular groove or recess G. A washer H of 
rubber has a cylindrical inner surface, a tapered outer surface, 
and fiat end surfaces. The junction between the tapered outer 
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surface and the flat end surface forms a sharp edge, which is 
greater in diameter than the external diameter of the rod D. 
This washer is moved into register with the recess G and becomes 
seated in it by reason of its inherent resiliency so as to resume 
its normal shape and size and thus position itself on the rod in 
correct operative position. The position of the washer on the 
rod is such that the washer works within the sleeve throughout 
the extent of movement of the rod in operation while the hole 
is so disposed in the sleeve that when the rod is in retracted or 
normally inoperative position the washer is situated between 
the hole and the outer end of the sleeve, thus effectively sealing 
this end of the lubricator body against oil escape through the 
outer end of the sleeve. By reason of the configuration and 
resiliency of the washer it tightly engages the inner surface of 
the sleeve to prevent air escape from the interior of the body 
through the outer end of the sleeve. When, however, the rod 
is advanced or projected to discharge lubricant through the 
spout of the lubricator, the washer passes the hole and thus 
opens communication between the interior of the body and the 
atmosphere to admit air.—June 30th, 1939. 


508,482. December 30th, 1937.—IMPROVEMENTS IN THE MANU- 
FACTURE AND PrRopUCTION OF PULVERULENT FUELs, 
George William Johnson, 47, Lincoln’s Inn Fields, London. 

It has already been proposed to improve pulverulent fuels, as, 
for example, mineral coal extracts, by treatment with nitric 
oxide. In many cases there is thus obtained a considerable 
increase in the softening point and a lowering of the ignition 
point. The action of the nitric oxide treatment does not take 
place to a satisfactory extent, however, when starting from 
oleiferous substances which contain high boiling substances 
rich in hydrogen along with high boiling asphaltic constituents 
poor in hydrogen. In this case the softening point of the fue] 





is not raised to such an extent that the fuel can be used without 
trouble in Diesel dust motors for long periods. It has now been 
found that fuels which do not melt or which have high melting 
joints can also be obtained from the said oleiferous substances 
y separating from the initial materials by treatment with 
selective solvents the asphaltic substances and allowing oxides 
of nitrogen or compounds yielding the same to act on the latter. 
By the treatment with selective solvents there is effected a 
separation of initial materials into asphaltic substances and oils 
and waxes rich in hydrogen. After a far-reaching separation of 
the constituents rich in hydrogen it is possible to convert the 
asphaltic substances by means of oxides of nitrogen or com- 
pounds yielding the same, as, for example, nitric acid, into fuels 
which are infusible or of very high melting point and, at the 
same time, to save considerable amounts of oxides of nitrogen. 
Furthermore, by the method there is obtained as a by-product 
the substances rich in hydrogen and the waxlike substances 
practically free from asphalt. The following example illustrates 
how the invention may be carried out in practice :—Mid- 
Germany brown coal which has been dried to a 10 per cent. 
water content is triturated with tetrahydronaphthalene in the 
ratio 40 : 60 and extracted at 415 deg. Cent. under a pressure of 
150 atmospheres in the presence of 0-1 cubic metre et hparamen 
per kilogramme of coal free from water and ash. The solid 
constituents are filtered off from the product at 180 deg. Cent. 
under a pressure of 10 atmospheres. The filter residue is washed 
with tetrahydronaphthalene. The filtrate is freed from tetra- 
hydronaphthalene by distillation and then treated at 125 deg. 
Cent. with four times its volume of butane. From the layers 
formed there are obtained in the ratio 40 : 60 on the one hand, 
after distilling off the butane, substances rich in hydrogen and 
of high boiling point and, on the other hand, asphaltic products 
which melt at about 105 deg. Cent. The latter are treated with 
nitrous gases at ordinary temperature, whereby they become of 
high melting point. The substances recovered from the butane 
solution, which melt at about 35 deg. Cent., are subjected to 
ressure hydrogenation at 350 deg. Cent. after dilution with 
rown coal tar middle oil in the ratio of 60:40; paraffin wax 
and lubricating oil are thus obtained.—June 30th, 1939. 








Forthcoming Engagements 
Secretaries of Institutions, Societies, &c., desirous of having 
notices of meetings inserted in this col are requested to note 
that, in order to make sure of its insertion, the necessary information 
should reach this office on, or before, the morning of the Monday 
of the week preceding the meetings. In all cases the TIME and 
PLACE at which the meeting is to be held should be clearly stated. 








Engineering and Marine Exhibition 
Thursday to Saturday, Sept. 14th to 30th.—Olympia, London, 
W.6. 


Institute of Metals 
Tuesday to Friday, Sept. 5th to 8th—-Autumn meeting in 
Glasgow. 
Institution of Electrical Engineers 
Friday to Sunday, Sept. 15th to 17th.—TRANSMISSION SECTION. 
Summer visit to Yorkshire. 
Institution of Mechanical Engineers 
Saturday to Sunday, August 26th to October 1st.—American 
Summer meeting. 
Iron and Steel Institute 
Tuesday to Friday, Sept. 12th to 15th.—Autumn meeting in 
Cardiff. 








LAUNCHES AND TRIAL TRIPS 





the Netherland Shipbuilding 
Company, to the order of the Royal Shell Group ; dimensions, 
length 500ft., breadth 64ft. 3in., depth 37ft. Engines, single- 
acting four-stroke supercharged. Trial trip, July 25th. 


Torrna, motorship; built by Swan, Hunter and Wigham 
Richardson, Ltd., to the order of the Anglo-Saxon Petroleum 
Company, Ltd.; dimensions, length 500ft., breadth 64ft. 3in., 
depth 37ft.; deadweight 15,000 tons. Engines, ten-cylinder four- 
stroke single-acting supercharged, constructed by R. and W. 
Hawthorn, Leslie and Co., Ltd. Trial trip, July 27th. 

AFRICAN PRINCE ; built by the Furness Shipbuilding Company, 
Ltd., to the order of the Prince Line, Ltd.; dimensions, length 
415ft., breadth 56ft. 6in., depth 36ft. 9in., deadweight 9200 tons. 
Engines, three-cylinder opposed piston, cylinders 520mm. 
diameter by 2080 mm. stroke, constructed by Wm. Doxford 
and Sons, Ltd. Launch, July 31st. 


Tisi1a, motorship; built b 








PERSONAL AND BUSINESS ANNOUNCEMENTS 





Tue British Unir Heater Company, Ltd., has completed 
the removal of its offices from Victoria Street, S.W., to 434—45, 
St. Pancras Way, London, N.W.1. 








CATALOGUES 


KestNER EVAPORATOR AND ENGINEERING Company, Ltd., 
5, Grosvenor Gardens, London, 8S.W.1.—Leaflet on ‘‘ Keebush ” 
acid-resisting constructional material. 





British THermMostat Company, Ltd., Windmill Road, 
Sunbury-on-Thames, Middlesex.—Publication 351 A on mag- 
netic valves for gas, water, steam, and oil. 

Estier Irvine, Ltd., Oxford Avenue, Slough.—Specifications 
of open steel type floors and illustrations of a number of installa- 
tions on shipboard and in industrial buildings. 

Monp Nicket Company, Ltd., Thames House, Millbank, 
London, 8.W.1.—A loose-leaf data book on the production 
properties and applications of nickel cast iron. 

Tuomas Rospinson anp Son, Ltd., Rochdale.—A book of 
over 250 pages, dealing in detail with woodworking machinery, 
including saws, planers, moulders, surfacers, sanders, sharpening 
machines, and a number of special machines. 

Davipson anv Co., Ltd., Sirocco Engineering Works, 
Belfast.—Publication 8.F. 299, dealing with the application 
of mechanical draught to _ solid-fuel-fired steam-raising 
installations. 

Extectro MecHanicaL Suppiises, Ltd., 44, Bayley Lane, 
Coventry.—Brochures on a troughing system for low-tension 
distribution in buildings; a bus-bar distribution system, and 
the ‘‘ Motorlite’’ low-voltage lighting unit for machine 
illumination, 








